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To i m p r o v e   t h e   s p e c i f i c a t i o n   o f   s t r a t o s p h e r i c   h o r i z o n t a l   t e m p e r a t u r e   a n d   g e o p o t e n -  
t i a l   h e i g h t   f i e l d s   f r o m  s a t e l l i t e  r a d i a t i o n  d a t a ,  needed f o r   h i g h   f l y i n g   a i r c r a f t ,  a 
t e c h n i q u e   h a s   b e e n   d e r i v e d   t o  estimate da ta   be tween  s a t e l l i t e  t r a c k s   u s i n g   i n t e r p o l a t e d  
IRIS  15-micron  data   f rom Nimbus 111. The i n t e r p o l a t i o n  is based   on   the   observed   gra-  
d i e n t s   o f   t h e  MRIR 1 5 - m i c r o n   r a d i a n c e s   b e t w e e n   s u b s a t e l l i t e   t r a c k s .  The t echn ique  was 
v e r i f i e d   w i t h   r a d i o s o n d e  d a t a  t a k e n   w i t h i n  6 hour s   o f   t he  s a t e l l i t e  d a t a .  The sample 
v a r i e d   f r o m   1 1 2 6   p a i r s  a t  low l e v e l s   t o   3 8 3   p a i r s  a t  10 mb us ing   no r the rn   hemisphe re  d a t  
f o r   J u n e   1 5   t o   J u l y   2 0 ,   1 9 6 9 .  The da ta  were s e p a r a t e d   i n t o   f i v e   l a t i t u d e   b a n d s .  The 
RMS t e m p e r a t u r e   d i f f e r e n c e s  were g e n e r a l l y   f r o m  2 t o  5 C f o r  a l l  levels above  300 mb. 
From  500 to   300  mb RMS d i f f e r e n c e s   v a r y   f r o m  4 t o  9C e x c e p t  a t  h i g h   l a t i t u d e s   w h i c h  
showed v a l u e s   n e a r  3C. The RMS d i f f e r e n c e s   b e t w e e n   r a d i o s o n d e   h e i g h t s  and t h o s e  cal-  
c u l a t e d   h y d r o s t a t i c a l l y   f r o m   t h e   s u r f a c e  were from 30 t o  280 meters i n c r e a s i n g   f r o m   t h e  
s u r f a c e   t o  10 mb. I n t e g r a t i o n   s t a r t i n g  a t  100 mb reduced   the  RMS d i f f e r e n c e   i n   t h e  
s t r a t o s p h e r e   t o  20 t o  120 meters from 7 0  t o  10 mb. From a compar i son   w i th   ac tua l   ope ra -  
t i o n a l  m a p s  a t  50  and 10 mb, i t  appea r s   t he   t echn iques   deve loped   he re   p roduce   ana lyses  
i n   g e n e r a l   a g r e e m e n t   w i t h   t h o s e   f r o m   r a d i o s o n d e   d a t a .   I n   a d d i t i o n ,   t h e y  are a b l e   t o  
i n d i c a t e  d e t a i l s  ove r  areas o f   s p a r s e   d a t a   n o t  shown  by c o n v e n t i o n a l   t e c h n i q u e s .  
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1.0 INTRODUCTION 

The e f f i c i e n c y   o f   h i g h   f l y i n g   a i r c r a f t  i s  s t rongly   dependent  

upon t h e   t e m p e r a t u r e   a n d   w i n d   f i e l d   a n d   e s p e c i a l l y   t h e   h o r i z o n t a l  

g r a d i e n t s   o f   t h e s e   f i e l d s   a l o n g   t h e   f l i g h t   r o u t e .  The b e s t   s o u r c e  

o f   u p p e r - a i r   d a t a  now i s  s a t e l l i t e  r a d i a t i o n   o b s e r v a t i o n s   w h i c h  

make i t  p o s s i b l e   t o   d e r i v e   t h e  ver t ica l  p r o f i l e s   o f   t e m p e r a t u r e  

on a g l o b a l   b a s i s .  However,  such  data a re  l i m i t e d   t o   p o i n t s  

a l o n g   t h e   s u b s a t e l l i t e   t r a c k s   w h i c h  a re  3000 km a p a r t  a t  t h e  

e q u a t o r ,   o r   t o  two a d d i t i o n a l   p o i n t s   b e t w e e n   t r a c k s   ( f o r  SIRS B). 

The pu rpose   o f   t h i s   s tudy  i s ,  t h e r e f o r e ,   t o   f i n d  a method  of 

e s t i m a t i n g   t h e   v a l u e s  a t  any   l oca t ion   be tween   t r acks   t hus   i nc reas -  

i n g   t h e   h o r i z o n t a l   r e s o l u t i o n   o f   t h e   r a d i a t i o n   d a t a   f o r   t h e  

p a r t i c u l a r  case of Nimbus 111 I R I S  o b s e r v a t i o n s .  The r e s u l t  i s  a 

more d e t a i l e d  estimate o f   t h e   h o r i z o n t a l   g r a d i e n t ,  a t  each   p re s su re  

l eve l ,   o f   t he   t empera tu re   and   he igh t   f i e lds   f rom  wh ich   w inds   can  

b e  d e r i v e d .  

Nimbus I11 c a r r i e d  two expe r imen t s   i n   wh ich   t he   spec t r a l  

r a d i a n c e s   i n   r e l a t i v e l y   n a r r o w   i n t e r v a l s   w e r e   o b t a i n e d   a n d   f r o m  

which   t empera tu re   p ro f i l e s   can  be de r ived .  One o f   t hese  was t h e  

Inf ra red   In te r fe rometer   Spec t rometer ,   IRIS ,   which  i s  d e s c r i b e d  

by Conrath,  e t  a1  (1970) ,   and  Hanel ,  e t  a1  ( 1 9 7 0 ) .   B r i e f l y ,   t h e  

IRIS  measures   the   rad iances   in   nar row ( 5  cm-') s p e c t r a l   i n t e r v a l s  

from 400 t o  2000 cm ( 5  to   25 -mic ron) .   Fo r   t he   r e sea rch   r epor t ed  

he re   u se  was made of   only two p o r t i o n s ,   t h e  C 0 2  band a t  667 c m  

and  the  a tmospheric  window a t  900 c m  . I n   a d d i t i o n   t o   t h e   s p e c t r o m e t e r s ,  -1 

-1 

-1 



Nimbus I11 a l s o   c a r r i e d  a Medium Reso lu t ion   In f r a red   Rad iomete r ,  MRIR. 

Th i s   i n s t rumen t  i s  a f ive -channe l   s cann ing   r ad iomete r .  I t ,  o r   v a r i a t i o n s  

of i t ,  has   been   u sed   on   me teo ro log ica l   s a t e l l i t e s   s ince  TIROS I1 and  has  

been   descr ibed   in   the  Nimbus 111 User's Guide. The f i v e  wave l e n g t h  

r e g i o n s   a r e   f a i r l y   b r o a d .  The one  which  concerns u s  h e r e  i s  the  645- 

690 c m  (15-micron) CO absorp t ion   band .  -1 
2 

The I R I S  on  Nimbus I11 v iewed   on ly   i n   t he   nad i r   d i r ec t ion ,  

r e s u l t i n g   i n   c o v e r a g e   o n l y   a l o n g   t h e   s u b s a t e l l i t e   t r a c k .  The 

MRIR mir ror ,   on   the   o ther   hand ,   scanned   f rom  hor izon   to   hor izon  

r e s u l t i n g   i n   c o m p l e t e   c o v e r a g e   b e t w e e n   s u b s a t e l l i t e   t r a c k s .  The 

MRIR 15-micron  channel   overlapped some of   the  I R I S  f r e q u e n c i e s  

u s e d   t o   d e r i v e   t e m p e r a t u r e   p r o f i l e s .  The g r a d i e n t s  of  the MRIR 15- 

mic ron   r ad iance   be tween   t r acks   shou ld   t hus   r e f l ec t ,   t o  a r easonab le  

d e g r e e ,   t h e   h o r i z o n t a l   t e m p e r a t u r e   g r a d i e n t s   s a m p l e d   a t   s u b s a t e l l i t e  

i n t e r v a l s  by the   IRIS   15 -mic ron   spec t r a l   da t a ,   a t   l eve l s   fo r   wh ich  

t h e r e  i s  cons iderabj le   over lap   in   the   weight ing   curves   (F igure   1 ) .  

Fo r   t he   l e s s   opaque   spec t r a l   i n t e rva l s   t ha t   a r e   we igh ted   heav i ly  

in   the   lower   t roposphere   and  whose we igh t ing   cu rves   ove r l ap   ve ry  

l i t t l e   w i t h   t h e  MRIR we igh t ing   cu rve ,   t he  I R I S  g r a d i e n t s   c o r r e l a t e  

l e s s   w i t h  MRIR g rad ien t s .   The re  i s  not   comple te   cor respondence  

be tween   t hese   g rad ien t s ,   o f   cou r se ,   a s  many d i f f e r e n t   t e m p e r a t u r e  

d i s t r i b u t i o n s   c a n  r e s u l t  i n   t h e  same v a l u e  of t h e  MRIR 15-micron 

r ad iance .  However, t h e   r e s e a r c h   r e p o r t e d   h e r e  was based  on  the 

premise   tha t   the   a tmosphere   changes   in  a reasonably  ordered  manner ,  

a t  l ea s t   ove r   t he   d i s t ances   be tween   o rb i t s ,   ove r   t he   t ime   be tween  

o r b i t s  and i n   t h e   p a r t  of the  a tmosphere of i n t e r e s t ,   i . e . ,   t h e  

s t r a t o s p h e r e .  
2 



2.0 THEORY 

2 . 1  Rad ia t ive   T rans fe r   i n   t he   A tmosphere  

The r a d i a n c e s   r e c e i v e d   a t   t h e   s a t e l l i t e   d e p e n d  on the   emiss ion ,  

a b s o r p t i o n ,   a n d   s c a t t e r i n g  of the   in te rvening   a tmosphere ,  as  we l l  

as  on t h e   e m i s s i o n   a n d   r e f l e c t i o n  of e a r t h ' s   s u r f a c e .   I f   s c a t t e r i n g  

i n   t h e   a t m o s p h e r e   a n d   r e f l e c t i o n   o f   t h e   s u r f a c e   a r e   n e g l e c t e d ,  

t h e   s p e c t r a l   r a d i a n c e   c a n  be expres sed   a s  

The f i r s t   t e r m  on t h e   r i g h t   o f   ( 1 )  i s  the  component  of  rad- 

i a t i o n   e m i t t e d  by the   su r f ace   ( c loud   o r   g round)  a t  tempera ture  . 
T S  

T i s  t h e   a t m o s p h e r i c   t r a n s m i s s i o n   a t   t h e   s u r f a c e   a n d  E i s  t h e  

emis s iv i ty   o f   su r f ace   and  i s  assumed t o  be u n i t y   f o r   t h i s  work. 

B ( v ,  Ts) i s  the   P lanck   rad iance .  The second  term i s  t h e   c o n t r i b u t i o n  

t o   t h e   r a d i a n c e  by d i r e c t   e m i s s i o n  of the  atmosphere.  The logar i thm 

of p re s su re   has   been   chosen   a s   t he   i ndependen t   he igh t   r e l a t ed   va r i ab le .  

The p r e s s u r e   l e v e l  P i s  the  top  of  the  atmosphere  above  which  the 

a t m o s p h e r i c   c o n t r i b u t i o n   t o   t h e   r a d i a n c e  i s  n e g l i g i b l e .  P i s  taken 

a s  a1 nh i n   t h i s   r e p o r t .  B [ v ,  T(p)I  i s  the  Planck  radiance  and 

a T ( v ,  p)/d (In p) i s  the  change of t ransmiss ion   wi th   change  of p r e s s u r e ,  

c a l l e d   t h e   w e i g h t i n g   f u n c t i o n .  

S S 

t 

t 

The second term on   t he   r i gh t   o f  Eq. (1) i s  by f a r   t h e  most 

i m p o r t a n t   t e r m   f o r   v e r t i c a l   s o u n d i n g   a l t h o u g h   t h e   f i r s t   t e r m  i s  no t  

3 



_._ " 

n e g l i g i b l e   f o r  some s p e c t r a l   i n t e r v a l s .  The f i r s t  term domina te s   i n  

de t e rmin ing   t he   su r f ace   t empera tu re .  

2.2 Weighting  Curves 

The s p e c t r a l   t r a n s m i t t a n c e  T of   an  a tmospheric   gas   between 

t h e   p r e s s u r e  leve l ,  p ,   and  the s a t e l l i t e  i s  

where g i s  t h e   a c c e l e r a t i o n   o f   g r a v i t y ,   a n d   k i  i s  t h e   a b s o r p t i o n  

c o e f f i c i e n t   o f   c o n s t i t u e n t  i. The  mixing r a t i o   o f   t h a t   c o n s t i t u e n t  

i s  q For   t he   work   r epor t ed   he re ,   t he   t r ansmi t t ances   u sed  were t h o s e  

r e p o r t e d  by Smi th   (1969)   in   which   he   used  a p o l y n o m i a l   t o   f i t   t h e  

expe r imen ta l ly   de t e rmined   t r ansmiss ion   va lues   fo r   t he   15 -mic ron  20 

a n d   t h e   r o t a t i o n a l  H 0 d a t a .   S m i t h ' s   t a b u l a t e d   r e g r e s s i o n   c o e f f i c i e n t s  

are  f o r  5 cm s p e c t r a l   i n t e r v a l s .  

i '  

2 

2 
-1 

It was f o u n d   t h a t   t h e s e  CO t r ansmi t t ances   were  somewhat t o o   l a r g e .  2 

O f t e n   t h e   a b s o r p t i o n   c o e f f i c i e n t s  are  determined by l a b o r a t o r y  work 

u s i n g   g e n e r a l l y  much shor t e r   pa th   l eng ths   t han   found   i n   t he   a tmosphe re .  

A s  a consequence, when t h e   l a b o r a t o r y   m e a s u r e m e n t s   a r e   e x t r a p o l a t e d   t o  

a t m o s p h e r i c   c o n d i t i o n s   e r r o r s   o c c u r .  The t r a n s m i t t a n c e s   w e r e   a d j u s t e d  

by s h i f t i n g  7 a l o n g   t h e   p r e s s u r e   o r d i n a t e   u n t i l   t h e   c o m p u t e d   r a d i a n c e  

using  radiosonde  soundings  equaled  the  corresponding  measured  radiances 

f o r   t h e   s p e c t r a l   i n t e r v a l s  of I R I S .  Over 100 p a i r s   o f   c l o u d - f r e e   r a d i o -  

sondes  and I R I S  r a d i a n c e  sets  were u s e d   t o   d e r i v e   t h i s   p r e s s u r e   a d j u s t -  

ment f a c t o r ;  a l l  computed  t ransmit tances  were b a s e d   o n   t h e   v a l u e   o f   t h i s  

f a c t o r .  4 



I f  t empera tu re  i s  known then  - can  be  computed  and 
a 7  

a Inp 
t h e   w e i g h t i n g   c u r v e s   c o n s t r u c t e d .  The weight ing   curves   cor responding  

t o   t h e  5 c m  s p e c t r a l   i n t e r v a l s   u s e d   i n   t h i s   s t u d y  are  shown i n  

F i g u r e  1. I n   t h e   s e l e c t i o n   o f   t h e   e l e v e n  5 c m  s p e c t r a l   i n t e r v a l s ,  

a l l  of   the  weight ing  curves   f rom  667.5  to   757.5 were c a l c u l a t e d   a n d  

p l o t t e d .  It was f o u n d   t h a t   f o r  wave numbers  of  717.5 c m  and  longer ,  

the w e i g h t i n g   c u r v e   s h i f t e d   t o   h i g h e r   l a y e r s   i n   t h e   a t m o s p h e r e   a n d   t h e n  

s h i f t e d   t o   l o w e r   l a y e r s   d u p l i c a t i n g   t h e   s m a l l e r  wave number weight ing 

c u r v e s .   F o r   t h e   s p e c t r a l   r e s o l u t i o n   i n   t h e  5 c m  s p e c t r a l   i n t e r v a l  

r e p r e s e n t a t i o n   o f   t h e   t r a n s m i t t a n c e s   u s e d   h e r e   v e r y  l i t t l e  v e r t i c a l  

r e s o l u t i o n   c a n   b e   o b t a i n e d   i n   t h e   w e i g h t i n g   c u r v e s   f o r   i n t e r v a l s  

between  712.5 t o  757.5 c m  . B. Conrath f: (pr ivate   communicat ion,  

1971)   has   been   ab le   to  show t h a t   b e t t e r   v e r t i c a l   r e s o l u t i o n   o f   t h e  

weight ing   curves  i s  p o s s i b l e   i n   t h i s   r e g i o n   o f   t h e   a t m o s p h e r e  by 

u s i n g   a n o t h e r   m e t h o d   o f   r e s o l v i n g   t h e   s p e c t r a l   l i n e s   f o r   t h e  cal-  

c u l a t i o n   o f  T . 

-1 

-1 

-1 

-1 

-1 

F i g u r e  1 shows tha t   va r ious   l aye r s   o f   t he   a tmosphe re   a r e   we igh ted  

d i f f e r e n t l y   i n   d i f f e r e n t   s p e c t r a l   i n t e r v a l s .   I n   p r i n c i p l e ,   t h e  

temperature  can  be  determined  from E q .  (1) i f   t h e   r a d i a n c e  i s  known. 

Thus, by m e a s u r i n g   i n   s e v e r a l   s p e c t r a l   i n t e r v a l s   f r o m   t h e   s t r o n g l y  

abso rb ing   cen te r   (667 .5  cm-') o f   the  C02 band,   to   the   weakly  

absorbing  wing  (757.5 c m  ), severa l   t empera tures   can   be   de te rmined  

r e p r e s e n t i n g   d i f f e r e n t   l a y e r s   i n   t h e  v e r t i c a l  such as  t h o s e  shown i n  

F i g u r e  1. However, i n   p r a c t i c e ,   t h i s   a p p r o a c h   r e s u l t s   i n   u n s t a b l e  

s o l u t i o n s   b e c a u s e   o f   t h e   o v e r l a p   i n   t h e   w e i g h t i n g   c u r v e s   a n d   t h e  

s e n s i t i v i t y   t o  random e r r o r s   i n   t h e   m e a s u r e m e n t s .  

-1 

;+Dr. Barney  Conrath,   Radiations  Branch, NASA-Goddard Space   F l igh t  
Center ,   Greenbel t ,   Maryland.  
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2.3 Methods t o   d e r i v e   t e m p e r a t u r e   p r o f i l e s .  

S i n c e  i t  w a s ' f i r s t   s u g g e s t e d  by King  (1958)  and  Kaplan  (1959) 

tha t   t empera tu re   p ro f i l e s   cou ld   be   ob ta ined   f rom  spec t r a l   measu remen t s  

i n   t h e  CO bands much work   has   been   done   t o   deve lop   t echn iques   r e su l -  

t i n g   i n   s t a b l e ,   p h y s i c a l l y   m e a n i n g f u l   t e m p e r a t u r e   p r o f i l e s   ( K i n g   ( 1 9 6 4 ) ,  

Wark and  Fleming  (1966) ,   Rodgers   (1966) ,   Strand  and Westwater (1968) ,  

Chahine  (1968  and  1970),   Barnett   (1969),   and  Smith  (1970)).   These 

methods   can   be   d iv ided   in to  two g e n e r a l  classes: One i s  a s t a t i s t i c a l  

t e c h n i q u e   w h i c h   r e l i e s  on t h e   c o r r e l a t i o n  of the   behavior  o f  t h e  

t e m p e r a t u r e   p r o f i l e ,   u s u a l l y   r a d i o s o n d e s ,   a n d   t h e   b e h a v i o r   o f   c o r r e -  

ponding  measured  radiances.  The o the r   one  i s  a n  i t e r a t i v e  e s t i m a t i o n  

technique  which  employs  only  the  measured  radiances;   however ,  i t  does 

require   knowledge of t h e  water v a p o r   d i s t r i b u t i o n   a n d  a s u r f a c e  t e m -  

p e r a t u r e .  

2 

The l a t t e r  t echn ique  was employed i n   t h i s   r e s e a r c h ,   o n e   p r o p o s e d  

by   Chahine   (1968)   and   appl ied   successfu l ly   by   Conra th ,  e t  a 1  (1970).  

I n   t h i s  method  the   t empera ture   p rof i le  i s  represented   by   the  tem- 

p e r a t u r e  T. ( i = l  o...,M) f o r  M prede te rmined   anchor   p re s su re   l eve l s .  

Each  anchor   level  i s  p a i r e d   t o  a g i v e n   s p e c t r a l   i n t e r v a l ,   a n d   t h e  

r a d i a n c e   a s s o c i a t e d   w i t h   t h a t  level  i s  c a l c u l a t e d   f r o m  

1 

where Ti i s  t h e   ( n + l ) s t   e s t i m a t e  of Ti and I (v.) i s  the  computed 

r a d i a n c e   f r o m   E q . ( l )   u s i n g   t h e   n t h  estimate o f   t h e   t e m p e r a t u r e   p r o f i l e  

n +1 n 
1 
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" 

consisting of  linearly 

The  measured radiances 

guess of a  temperature 

scheme.  The iteration 

interpolated  temperatures  between  anchor  levels. 

from IRIS are  designated by I ( v i ) .  A first 

profile  is  required  to  start  the  iterative 

is continued  until the EMS difference  between 

N 

the calculated  and  measured radiances is less  than  a  preset  value. 

The  selection of the anchor  pressure  levels was made by requiring 

them to  be at or  near the  level  of  the  peaks  of  the weighting curves. 

Five July standard  atmospheres (U.S. Standard Atmosphere, Supplement, 

1966) representing  five  latitude  bands  were used  to calculate the 

weighting  functions.  The  latitude  bands  are 0-22.5', 22.5-37.5O, 

37.5-52.5O,  52.5-67.5O,  and  67.5O-9Oo. Small deviations  from the 

weighting  curve  peaks  were  allowed to  improve  the  definition  of 

certain expected  characteristics of  the  temperature  profile;  mainly, 

the  improved  definition  of  the  tropopause. When the  data  were  being 

processed,  a  different set  of anchor  levels  was  used for each  latitude 

band. 

2.4 Geopotential Height. 

Once the pressure-temperature relations are  derived by  the 

iterative technique, the geopotential  height can be determined 

from the hydrostatic equation.  The height at  some  pressure  level 

must be known to  start  the  integration. For our work the  initial 

heights were  specified from nearby  radiosondes. From the  gradient 

of  the horizontal  height  field  determined  from  many  temperature 

profiles, the geostropic  wind  field can be  specified. 
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3.0 DATA - 
Three   types   o f   da ta  were used i n   t h i s   s t u d y :  MRIR 15-micron  and 

IRIS r a d i a t i o n   d a t a   b o t h   f r o m  Nimbus 111, and  rad iosonde   da ta .  The 

35-day   per iod   for   which   da ta  were ana lyzed  was J u n e   1 5   t o   J u l y  20, 
./ 

1969.   This   per iod was d i c t a t e d   b e c a u s e  i t  was t h e   o n l y  time f o r  

which IRIS d a t a  were a v a i l a b l e  when th i s   s tudy   began .   These   da t a  

had  been  reduced  and  formatted  on  tape  for   another   requirement ,   and 

t h e y  were made a v a i l a b l e   f o r   t h i s   s t u d y .  

Because   t he   w in te r   s t r a tosphe re   has  much l a r g e r   h o r i z o n t a l  

t e m p e r a t u r e   a n d   g e o p o t e n t i a l   h e i g h t   g r a d i e n t s   t h a n   t h e  summer 

s t r a t o s p h e r e ,  i t  would  have  been  more d e s i r a b l e   t o   u s e   w i n t e r   d a t a .  

The IRIS of Nimbus I11 l a s t ed   on ly   f rom  l aunch   on   Apr i l  14 t o  

J u l y  20 ,  1969,   and   therefore   win ter   da ta   for   the   no thern   hemisphere  

were  never   recorded.  

U n f o r t u n a t e l y ,   t h e  IRIS d a t a   t h a t  were a v a i l a b l e  were noisy .  

The  random n o i s e  was caused  by e l e c t r i c a l  i n t e r f e r e n c e   i n i t i a t e d  

dur ing   the   p layback  mode.  The n o i s e  was l e s sened   i n   magn i tude   and  

f requency   wi th  time a f t e r   e a c h   p l a y b a c k ,  so t h a t   u n t i l   j u s t   p r i o r  

t o   p l a y b a c k   a g a i n ,   t h e   d a t a  were r e l a t i v e l y   f r e e  of no i se .  No 

a t t e m p t  was made t o   u s e   o n l y   t h e   r e l a t i v e l y  good  data;   however,  

a l l  d a t a  were smoothed s p e c t r a l l y   a n d   a v e r a g e d   s p a t i a l l y   d u r i n g  

t h e   i n t e r p o l a t i o n   p r o c e s s .  

The IRIS inst rument   had a f ie ld-of -v iew  of   150  km on a s i d e ,  

and i t  viewed  only i n   t h e   z e r o   n a d i r   d i r e c t i o n .  The MRIR, on t h e  

other  hand,  had a f i e ld -o f -v i ew  o f  60 km diameter  and  scanned  from 

a 



horizon to horizon  perpendicular  to  the  subsatellite  track. The 

sampling rate and  the  forward  motion  of the  satellite  provided 

contiguous viewed spots in all directions.  Very  nearly 2.5 MRIR 

viewed  spots  fall  along the I R I S  viewed  spot  dimension. This 

distance is nearly  2 times 0.65O latitude or 2  times 0.65O longi- 

tude  divided by the cosine of  the  latitude. Thus,  the MRIR 15-micron 

values located within this distance of the IRIS center  location  were 

averaged  and  used with the IRIS va.lues. The  same  procedure was also 

used to  find an average  MRIR  15-micron  value  for the radiosonde 

location. 

The  radiosondes  serve  four  purposes in this work. First, they 

provide  water  vapor  and  surface  temperature  information  necessary 

to  the  solution  of  the  radiative  transfer  equation  during  the  iterative 

procedures  of  deriving  temperature  profiles.  The  surface  (shelter) 

temperature is necessary to determine if clouds are in the field-of- 

view. Second, the radiosonde  temperature  profile  and  its  vertical 

extrapolation  above  recorded  levels is used as an initial  guess in 

the  iterative  scheme  to  derive  temperature  profiles  from  the  IRIS 

radiances.  Third,  a  radiosonde  height  provides  the  initial  height 

for  integrating the hydrostatic  equation for IRIS derived  temperatures. 

Fourth, the radiosonde is used for  verification  of the  derived temp- 

erature  and  height profiles. A description of the data  processing 

and the  special  treatment  of  the  radiosonde  and I R I S  data is given 

in Appendix A .  

The  main  objective of this  study was to determine  the  temperature 

and  horizontal  geopotential  height  fields  at  stratospheric levels. 
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One approach to determine  these  parameters was to assume clouds had 

little  or no effect on the IRIS radiances above the 100-mb level. 

Using the  six  most  opaque  spectral intervals of the IRIS data,  tem- 

perature  profiles  were  derived.  The  geopotential heights were found 

by integrating the hydrostatic  equation  using  this  derived  temperature 

profile  and  starting with the radiosonde  100-mb height. In addition 

to  the above approach, it seems  desirable to derive  the  temperature 

profile  starting  at  the  surface to obtain heights.  The  surface 

parameters  are  generally  defined with better  resolution and are  more 

readily  available  than the 100 mb  data. This section  treats  the 

corrections  needed  for clouds, as well as for  high  terrain  and  hot 

terrain, and  thus  permitting  the  derivation  of  temperature  profiles 

from the earth's surface. 

Clouds generally  exist  within  the field-of-view of  the IRIS 

instrument,  and  hence  reduce the measured  radiance  for the  less 

opaque  intervals  that  would  otherwise be measured  for  a  cloud-free 

atmosphere. It is necessary to correct  such  cloud  contaminated 

measurements.  The  uncertainty  of  the  cloud  corrections is probably 

the  single  greatest  source  of  error in the final temperatures, as 

the measured  radiances  themselves  provide no information  below 

cloud leve 1. 

To determine if a  correction is necessary  and  then to determine 

the correction an independent  estimate  of  the  earth's  surface  temper- 

ature must be available.  This  temperature is taken as the  shelter 

temperature  from  the  radiosonde  sounding  and  applied  to  each  of  the 
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IRIS sets in the interpolation group.  The  other  quantity  necessary  to 

determine  a  correction is a  window channel effective  radiative  temperature, 

Te, from the average  spectral  radiances. 

If the  shelter  temperature  is 5C greater than T clouds are con- e’ 

sidered  to  exist in the  field-of-view. If the  shelter  temperature is 

5 C  less  than Te, hot terrain  conditions are considered to  be  present. 

If the  shelter  temperature is within 25C of T the  atmosphere is treated 

as being cloud-free and no corrections are necessary,  unless the  location 

‘, 

e’ 

meets the  high  terrain  qualifications. If the elevation is greater  than 

500 mb  above sea level  the clouds are  assumed  to  reach the ground in this 

two-cloud level  model.  Hot  terrain  occurs when the earth’s surface is 

much  hotter than  the near-surface air  resulting  in  a  much  higher T than 

shelter  temperature. If the  IRIS radiances were left uncorrected  for 

e 

this  hot  terrain,  erroneously  warm  temperature  profiles  would  occur in 

the  lower  troposphere. 

The  corrections  for clouds, high  terrain  and  hot  terrain  follow 

very  closely the technique given by Smith, et a1 (1970). They  have 

developed  a two-level cloud model to describe the  cloud  distributions 

from SIRS radiances and subsequently to compute  radiance  corrections 

needed to  determine  the  temperature  profile.  This  method can be  used 

equally  well on the  IRIS  data with only  minor changes. For completeness, 

a  small  portion of Smith‘s development is repeated in Appendix B. 

11 



4.0 1N"POLATION  PROCEDURE. 

This section contains a  description  of  the  procedures  used 

to derive the temperature and geopotential height profiles from the 

IRIS 15-micron spectral  data for locations away from  the  subsatellite 

track. A set  of equivalent clear-column IRIS 15-micron radiances is 

determined  from  the  original  measured  set for locations  surrounding 

a  radiosonde location. A regression relation is established  between 

gradients of  the MRIR 15-micron radiance and the  gradients  of  each 

of  the  clear  column IRIS radiances far all combination of  locations 

surrounding the  radiosonde. An average IRIS radiance set  is  found 

from the regression relation, distance weighted, at the radiosonde 

location. A  temperature  profile is  found  by  the  method  of Section 2.3. 

The temperature  profile  is  subsequently adjusted, equally  at  all  levels, 

until the measured  MRIR  15-micron  radiance equals the computed  radiance. 

The height profile is found by integrating the hydrostatic  equation 

starting with the station  height or 100-mb height  of the radiosonde 

using  the IRIS derived  temperature  profile. 

The IRIS radiances,  corrected  for clouds, hot  terrain,  and  high 

terrain  were  interpolated to  the radiosonde  locations.  The  computer 

algorithm  required at  least four  IRIS  sets  for  each  interpolation, 

of which at least  one  set is from  each of the  two  subsatellite  tracks 

considered.  Because  the  data  were  often noisy, the available IRIS 

data  were  reduced  considerably  before  the  interpolation was carried 

out. Figure 2 shows  a  typical  case  for which a set  of IRIS  radiances 

is desired  at the circled  dot  location  where  only the MRIR  15-micron 

radiance  is  available,  and  both  IRIS  and  MRIR 15-micron radiances at 
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t h e   s u r r o u n d i n g   s o l i d   d o t   l o c a t i o n s   a r e   g i v e n .  The l o c a t i o n s   o f  

t h e   s o l i d   d o t s   i n   t h e s e  two nea r ly   no r th - sou th   t r acks   were   chosen  

by the  method  discussed  in  Appendix A .  They r e p r e s e n t   l o c a t i o n s  

of t h e  I R I S  d a t a   a l o n g  two s u c c e s s i v e   s u b s a t e l l i t e   t r a c k s .  The 

c i r c l e d   d o t   l o c a t i o n   r e p r e s e n t s   a n y   a r b i t r a r y   l o c a t i o n .   F o r  

o p e r a t i o n a l   u s e ,   u s i n g   t h i s   t e c h n i q u e ,   t h e   l o c a t i o n   m i g h t  be 

e q u a l l y - s p a c e d   g r i d   p o i n t s   f o r   w h i c h   t e m p e r a t u r e   a n d   h e i g h t   v a l u e s  

a r e   d e s i r e d .  To ve r i fy   t he   i n t e rpo la t ion   p rocedure   and   t he   t empera tu re  

p r o f i l e   d e r i v a t i o n   t e c h n i q u e ,   t h e   c i r c l e d   d o t   l o c a t i o n  was chosen  here  

t o  be a t   t h e   l o c a t i o n  of a r a d i o s o n d e .   I n   f u r t h e r   d i s c u s s i o n   o f   t h i s  

l o c a t i o n  i t  w i l l  be r e f e r r e d   t o   a s   t h e   r a d i o s o n d e   l o c a t i o n ,   b u t  i t  

can  be  any a r b i t r a r y   l o c a t i o n   w i t h i n   t h e   c o n f i n e s  of t h e  two t r a c k s .  

A long   t he   t r acks ,   on ly   da t a   wh ich   a r e   l e s s   t han  20° of l a t i t u d e   f r o m  

the   r ad iosonde   l oca t ion   were   u sed .  

E q .  ( 1 )   f o r   e a c h  o f   t h e   I R I S   s p e c t r a l   i n t e r v a l s   a n d   f o r   t h e  MRIR 

15-micron   channel   can   be   wr i t ten ,   respec t ive ly ,   as  

and 



where I and M are the spectral radiances and 9 is the filter function 

which is zero outside of  the interval v to V I 2 -  

The  difference in the radiances due  to  the  differences in the 

temperature  profiles  from  one  location to another, can be written 

P 

Thus the changes in the radiances  are due  to  the changes in  temperature, 

mostly  through B . Changes - due  to  the changes in the 

absorbing  gases  are  negligible. For the  .stratosphere,  this is an 

especially  good  assumption  over the distances  considered.  Only C 0 2  

(always  considered  constant)  and H 0 (which has little  effect  in  the 2 

stratosphere) are active  constituents  in  this  spectral region. 

a 7  
a lnp 

The changes in the MRIR radiances  are  associated with the changes 

in the I R I S  radiances through  a  scheme  that will permit  a  set  of I R I S  
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r a d i a n c e s   t o  be s p e c i f i e d  a t  a l o c a t i o n   f o r   w h i c h   t h e r e  i s  o n l y   t h e  

MRIR r ad iance .  The f o l l o w i n g   c o n s i d e r s   o n l y   o n e   I R I S   s p e c t r a l   i n t e r v a l .  

There are  a c t u a l l y   e l e v e n   d i f f e r e n t   I R I S   i n t e r v a l s   a n d   t h e  same pro- 

c e d u r e   a p p l i e s   t o   e a c h .   F i g u r e  2 shows an  example  of a s i t u a t i o n   t h a t  

c a n   e x i s t .  The s o l i d   d o t s   r e p r e s e n t   t h e   l o c a t i o n s   f o r   w h i c h   b o t h  MRIR 

and  IRIS  are   sampled  a long two s u c c e s s i v e   s u b s a t e l l i t e   t r a c k s .  The 

c i r c l e d   d o t   r e p r e s e n t s  a loca t ion   fo r   wh ich   on ly   t he  MRIR e x i s t s   a n d  

for   which  w e  want t o   de t e rmine   t he   IRIS   r ad iances .   Sepa ra t e   r eg res s ion  

a n a l y s e s  w i l l  be made f o r   e a c h   p o i n t   f o r   w h i c h   i n t e r p o l a t i o n  i s  d e s i r e d  

t o   r e l a t e   g r a d i e n t s  of t h e  I R I S  and MRIR radiances  between known p o i n t s  

s u r r o u n d i n g   t h e   i n t e r p o l a t e d   p o i n t .  The r e s u l t i n g   r e g r e s s i o n   e q u a t i o n s  

w i l l  be   appl ied  to   determine  the  change  of   the  IRIS  radiance  between 

each known a n d   i n t e r p o l a t e d   p o i n t .  The r e g r e s s i o n   e q u a t i o n s   f o r   t h e  

components  of  the  change  can  be  writ ten 

and 
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where I refers to  the IRIS radiances 

M refers to  the MRIR radiances 

x and y refer  to  the axes of a rectangular  coordinate  system. 

The constants are determined from the normal equation of  the form 

n a1 n aM 

ax 
X G = n a  + b  - X 

x x  i= I i- 1 

and 

81 8M n a M  2 
X X X 

i= I X 
i= 1 i= I 

(10) 

a similar  set  of normal equations  apply to the y component. With these 

regression equation, IR , the IRIS value  at  the  interpolated  point,  can 

be determined by 

n 
I R = C  j=1 w j Cj+ l[a x x  + b  (z)] '[.,+by (?)I 11'2) 

J 
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where w are t h e   d i s t a n c e   w e i g h t s   s u c h   t h a t  
j 

m 

j = l  j 
w = I  (13 )  

BMR 
X BMR 

I .  a r e   I R I S   r a d i a n c e s   a t   t h e  known p o i n t s .  - and 2 

are   the  components   of   the  MRIR g rad ien t s   be tween   t he  known a n d   i n t e r p o l a t e d  

p o i n t s .  

3 ax BY 

This  scheme h a s   t h e   p r o p e r t y  of w e i g h t i n g   t h e   d a t a   n e a r e s t   t h e  

i n t e r p o l a t e d   p o i n t   h e a v i e r   t h a n   f a r t h e r   p o i n t s   a n d   a l s o   s p e c i f i e s   t h e  

I R I S  r ad iances   be tween   subsa te l l i t e   t r acks   t o   t he   d . sg ree   t hey   a r e  

accoun ted   fo r  by t h e  MRIR g r a d i e n t s .   F o r   t h e   l e s s   o p a q u e   s p e c t r a l  

i n t e r v a l s   t h a t   a r e   w e i g h t e d   h e a v i l y   i n   t h e  lower  troposphere  and  whose 

we igh t ing   cu rves   ove r l ap   ve ry  l i t t l e  wi th   t he  MRIR weight ing   curve ,   on ly  

a s m a l l   c o n t r i b u t i o n  i s  p r o v i d e d   i n   t h e   i n t e r p o l a t i o n  by t h e   c o r r e l a t i o n  

w i t h  MRIR g r a d i e n t s .   I n   t h e s e   c a s e s   t h e   i n t e r p o l a t i o n   r e d u c e s   t o   o n e  

of  almost s t r i c t   s p a c e   w e i g h t e d   i n t e r p o l a t i o n .  

A f t e r   t h e  I R I S  r a d i a n c e s   w e r e   i n t e r p o l a t e d   t o   t h e   r a d i o s o n d e   l o c a t i o n ,  

a t e m p e r a t u r e   p r o f i l e  was d2 r ived  by t h e  method  of S e c t i o n  2.3.  Using 

t h i s   p r o f i l e  and   the   water   vapor   mix ing   ra t io   p rof i le   f rom  the   rad iosonde  

a t   t h e   i n t e r p o l a t i o n   p o i n t ,   t h e   r a d i a n c e s   f o r   t h e  MRIR 15-micron  channel 

were  computed  and  compared to   t he   ave rage   obse rved  MRIR r a d i a n c e .   I f  

t h e  two were  more than  0.01 x w a t t  cm s t e r a d i a n   d i f f e r e n t ,  

t h e   t e m p e r a t u r e   a t   e a c h   l e v e l  was i n c r e a s e d   o r   d e c r e a s e d  by 0.1C 

depending  on  the  s ign  of   the  difference.   This   procedure was cont inued  

u n t i l   t h e   r a d i a n c e s   a g r e e d   t o   w i t h i n  20.01 x 10  wat t  cm s t e r a d i a n  . 

-2 -1 

-5 -2 -1 
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. . . .. 

T h i s   p r o c e d u r e   g e n e r a l l y   r e q u i r e d  less than  10 i t e r a t i o n s   f o r   t h e   c r i t e r i a  

t o  be m e t ,  wh ich   means   t ha t   t he   p ro f i l e   based  on t h e   i n t e r p o l a t e d  

I R I S  r ad iance  was changed by less than  1C a t  a l l  l e v s l s   t o   g e t   t h e  

measured  and  computed MRIR 15-micron   rad iances   to   agree .  I f  t h e   i t e r -  

a t i o n   r e p e t i t i o n   r e a c h e d  25, t h e   p r o f i l e  was el iminated  f rom  the  sample.  
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5.0 RESULTS 

5.1  Plot ted  Comparison of Radiosonde  and  IRIS  Temperature   Prof i les  

I n   F i g u r e s  3 ,  4 ,  5, and  6 ,  a comparison  of   the  IRIS  der ived t e m -  

p e r a t u r e   p r o f i l e s   w i t h   c o r r e s p o n d i n g   r a d i o s o n d e   t e m p e r a t u r e   p r o f i l e s  i s  

made.  They were c h o s e n   t o   r e p r e s e n t  low,  lower  middle,  middle  and  high 

l a t i t u d e   p r o f i l e s .   A s i d e   f r o m   t h e   l a t i t u d e r e s t r i c t i o n s ,   t h e  cases were 

chosen a t  random  from  the f i r s t   t h r e e   o b s e r v a t i o n   t i m e s   o f   t h e   p e r i o d  of 

our  data  sample.  The s o l i d   l i n e   i n   F i g u r e  3 r e p r e s e n t s   t h e   r a d i o s o n d e  

t e m p e r a t u r e   p r o f i l e   t a k e n  a t  Guantanamo, Cuba l o c a t e d   a t  19.9N, 75.2W 

1200 GMT on  June  16,  1969. The dashed   l ine  i s  t h e  I R I S  d e r i v e d   p r o f i l e .  

The I R I S   p r o f i l e   r e s u l t e d   f r o m   s e v e n   s e t s  of I R I S  s p e c t r a l   d a t a   t h a t  

w e r e   i n t e r p o l a t e d   t o   t h e   r a d i o s o n d e   l o c a t i o n .  The I R I S  data   were 

recorded  on  two s u c c e s s i v e   o r b i t s ,   t h e   s u b p o i n t   t r a c k s   o f   w h i c h   f e l l  

on   bo th   s ides  of t h e  Guantanamo s t a t i o n .  They  were taken   approximate ly  

4 and  5.5  hours la ter  than  the  radiosonde  t ime.   Five  of   the  seven sets 

o f  IRIS  data  were c o r r e c t e d   f o r  low l e v e l   c l o u d s .  One s e t ,  which was 

recorded   over   l and ,  was c o r r e c t e d   f o r   h o t   t e r r a i n .  The da ta   r eco rded  

o v e r   l a n d ,   d u r i n g   t h e   d a y l i g h t   p o r t i o n   o f   o r b i t s   ( n e a r   l o c a l   n o o n ) ,  

f o r   c l e a r   s k i e s ,   o f t e n   r e q u i r e   c o r r e c t i n g   f o r   h o t   t e r r a i n  due t o   t h e  

s o l a r   h e a t i n g  of t h e   e a r t h ' s   s u r f a c e   r e s u l t i n g   i n  a v e r y   s t r o n g   l a p s e  

r a t e   n e a r   t h e   s u r f a c e .  The o t h e r  se t  of I R I S  d a t a   r e q u i r e d  no c o r -  

r ec t ion   wha t soeve r .  The  two p r o f i l e s  compare f a i r l y  wel l ;  t h e r e  are 

some d i f f e r e n c e s  as  one   wou ld   expec t   s ince   t he   de r ived   p ro f i l e  i s  

d e f i n e d   f o r   o n l y  11 p o i n t s   i n   t h e   a t m o s p h e r e .  One of t h e   m o s t   s t r i k i n g  

f ea tu res   o f   t h i s   compar i son  i s  the   accuracy   wi th   which   the   t ropopause  i s  

de f ined .  The c h o i c e   o f   p r e s s u r e   l e v e l s   u s e d   t o   r e p r e s e n t   t h e   s p e c t r a l  
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r a d i a n c e s  of I R I S  i n   t h i s  me thod   o f   de r iv ing   p ro f i l e s  i s ,  t o  a c e r t a i n  

d e g r e e ,   a r b i t r a r y .  The ma in   cons ide ra t ion ,   o f   cou r se ,  i s  t h a t   t h e  

p r e s s u r e  level b e   n e a r   t h e  level where t h a t   p a r t i c u l a r   s p e c t r a l   i n t e r v a l  

h a s  a peak i n  i t s  weight ing   func t ion .   But   the  levels  were s p e c i f i e d  

i n   s u c h  a manner as t o  improve t h e   d e f i n i t i o n   o f   t h e   t r o p o p a u s e   a n d  

o t h e r   e x p e c t e d   f e a t u r e s  of t h e   d i f f e r e n t   l a t i t u d e - d e p e n d e n t   s o u n d i n g s .  

A b e t t e r   c o m p a r i s o n   o f   t h e  two t y p e s   o f   p r o f i l e s  i s  shown i n  

F igu re  4. The r a d i o s o n d e   p r o f i l e   h e r e  i s  for   Shionomesaki ,   Japan   taken  

a t  1200 GMT on  June  16,  1969. The t ropopause  i s  h i g h e r   t h a n  on t h e  

previous  sounding.  The important   point   here ,   however ,  i s  t h a t   t h e  

r a d i a n c e - d e r i v e d   s o u n d i n g   a l s o   s p e c i f i e s   t h e   t r o p o p a u s e   q u i t e   w e l l ;  

a l t h o u g h   a t  80 mb i n s t e a d   o f  77 mb fo r   t he   r ad iosonde   sound ing .  The 

two   sound ings   ag ree   qu i t e   we l l ,   neve r   depa r t ing  more than  4C a t  any 

h e i g h t .  The I R I S  sounding was de r ived   u s ing   fou r   c loudy  IRIS r a d i a n c e  

s e t s  t a k e n   a t   n i g h t  on the   sou thbound   po r t ion   o f   t he   o rb i t   app rox ima te ly  

2 and   3 .5   hours   a f te r   the   rad iosonde  time. 

F igu re  5 shows the  comparison  of   the  Maniwaki ,   Quebec  sounding  taken 

a t  1200 GMT on   June   16 ,   1969  and   the   cor responding   IRIS  tempera ture   p rof i le .  

Th i s  case i s  t y p i c a l   o f  a m i d d l e   l a t i t u d e ,  summer hemisphere  temperature  

d i s t r i b u t i o n .   C o n t r a r y   t o   t h e  two previous   samples ,   th i s   one   does   no t  

have a ve ry  well d e f i n e d   t r o p o p a u s e ,   y e t   t h e  two soundings  compare  very 

f a v o r a b l y   t h r o u g h o u t   t h e   a t m o s p h e r i c   d e p t h   o f   i n t e r e s t ,   n e v e r   d e p a r t i n g  

by  more than  4C a t  any   leve l .  It  shou ld   be   po in t ed   ou t   t ha t   t he  I R I S  

sounding w i l l  n o t   d e f i n e   t h e  small p e r t u r b a t i o n s   t h a t  show i n   t h e  

Radiosonde   sounding   (e .g . ,   the   i so thermal   l ayer   f rom 35 t o  25 mb) 

because   t he   t echn ique   de f ines   t empera tu res   on ly   a t   p rede te rmined  levels. 
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The I R I S  p r o f i l e  was der ived  f rom a set  of d a t a   i n t e r p o l a t e d   f r o m  

seven  surrounding I R I S  r a d i a n c e   s e t s .   I n   t h i s  case there   were   h igh  

c l o u d s   a l o n g   t h e   s u b s a t e l l i t e   t r a c k   t o   t h e   e a s t  of  Maniwaki,  and t o  

t h e   w e s t   t h e r e  were h o t   t e r r a i n   c o n d i t i o n s .   C o r r e c t i o n s  were a p p l i e d  

acco rd ing ly .  The I R I S  data   were  recorded  approximately 4 and  5.5  hours 

l a t e r   t h a n   t h e   r a d i o s o n d e   d a t a   o n  two nor thbound   o rb i t s  a t  n e a r   l o c a l  

noon. 

The comparison  of   the  radiosonde  and  the I R I S  t e m p e r a t u r e   p r o f i l e s  

i n   F i g u r e  6 i s  n o t  as  good, a t   l e a s t  below  the  t ropopause,  as  i n   t h e  

previous  examples.  Above  200 mb, however,  the two p r o f i l e s   a g r e e   v e r y  

w e l l .  

5.2 V e r i f i c a t i o n   S t a t i s t i c s  

The u l t i m a t e   t e s t   o f   a n y  new method i s  t o  compare  the r e su l t s  

wi th   t hose  of some accep ted   s t anda rd .   F igu re  7 d e p i c t s   t h e   v a r i a t i o n  

of   the  RMS d i f f e rence   be tween   t he   r ad iosonde   and   t he   i n t e rpo la t ed ,  IRIS- 

d e r i v e d   t e m p e r a t u r e   f o r   f i v e   l a t i t u d e   b a n d s .  The RMS d i f f e r e n c e s  were 

c a l c u l a t e d  and p l o t t e d   a t   t h e  15  mandatory  pressure  levels   f rom  1000  to  

10 mb. I t  can be s e e n   t h a t   t h e   d i f f e r e n c e s   a r e  much g r e a t e r   i n   t h e  

t r o p o s p h e r e   t h a n   i n   t h e   s t r a t o s p h e r e .   E x c e p t   a t  20  mb i n   t h e   t r o p i c s ,  

t h e  RMS d i f f e r e n c e s   i n   t h e   s t r a t o s p h e r e   a r e   g e n e r a l l y   b e t w e e n  2 C  and 

5C. The  10  and 20-mb RMS d i f f e r e n c e s   f o r   t h e   t r o p i c a l   c a s e   w z r e   b a s e d  on 

only 7 and   23   ca ses ,   r e spec t ive l .~ ,   and   a r e ,   t he re fo re ,   p robab ly   un re l i ab le .  

E x c e p t ,   a g a i n ,   f o r   t h e   t r o p i c a l   a n d   a r c t i c   c a s e s ,   t h e  RMS d i f f e r e n c e s  

a r e  less than  5C for   the  t roposphere  above  300 mb. The re   a r e   l a rge  

RMS d i f f e r e n c e s  a t  400 mb f o r  a l l  b u t   t h e   h i g h   l a t i t u d e  case and a t  

1000 mb f o r   a l l   b u t   t h e   t r o p i c a l   c a s e .  
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When t h e   s i g n   o f   t h e   d i f f e r e n c e   k a d i o s o n d e   m i n u s  IRI$ a t  t h e s e  two 

levels i s  cons ide red   (F igu re  81, i t  i s  f o u n d   t h a t  a t  t h e  1000-mb level,  

t h e  IRIS t empera ture  i s  p r a c t i c a l l y   a l w a y s  warmer than   t he   r ad iosonde .  

On the   o the r   hand ,   t he   r ad iosonde  i s  always warmer t h a n   t h e  I R I S  t e m -  

p e r a t u r e   a t  400 mb.  Of c o u r s e ,   t h e   r e a s o n   f o r   t h e   r e d u c t i o n   i n   t h e  

RMS d i f f e r e n c e   n e a r  700 mb i s  due t o   t h i s  change i n   s i g n   a n d   t o   t h e  

f a c t   t h a t  IRIS t empera tu res  are d e t e r m i n e d   o n l y   a t   t h e s e  two l e v e l s  

a n d   i n t e r p o l a t e d   i n   b e t w e e n .   T h e r e   a r e  two p o s s i b l e   r e a s o n s   f o r   t h e  

c o o l e r  IRIS t e m p e r a t u r e s   a t  400 mb. F i r s t  of a l l ,  t h e   p r e s s u r e  

ad jus tmen t   f ac to r   u sed  t o  improve t h e   t r a n s m i t t a n c e   v a l u e s ,  may s t i l l  

b e   u n d e r e s t i m a t e d   f o r   t h e   s p e c t r a l   i n t e r v a l   c o r r e s p o n d i n g   t o   t h e  400 mb 

level .  Th i s   unde res t ima t ion   wou ld   r e su l t   i n   computed   t empera tu re   va lues  

be ing   t oo  low.  Second, t h e   c o r r e c t i o n   t e c h n i q u e   f o r   t h e   c l o u d   c o n -  

t a m i n a t e d   r a d i a n c e s   r e s u l t s   g e n e r a l l y   i n   t o o  low t empera tu re   va lues .  

P r o b a b l y   b o t h   o f   t h e s e   c a u s e s   c o n t r i b u t e   t o   t h e  low IRIS t empera ture .  

On the   o the r   hand ,   t he   h igh  1000-mb tempera ture   can   no t   be   expla ined  

by the   c loud   co r rec t ion   me thod ,   a l t hough   an   e r roneous   p re s su re   co r rec t ion  

h a s   p r o b a b l y   r e s u l t e d   i n   a n   o v e r e s t i m a t i o n   o f   t h e   t e m p e r a t u r e s   a t   t h i s  

' s p e c t r a l   i n t e r v a l .   A n o t h e r   f a c t o r   t h a t  may c o n t r i b u t e   t o   t h e   o v e r -  

e s t ima t ion   o f   t he  1000 mb tempera ture  i s  the  method  used t o   s p e c i f y  

t h e   s u r f a c e   f o r   c l o u d   c o r r e c t i o n   c a s e s .  The s u r f a c e   ( s h e l t e r )   t e m p e r -  

a t u r e   o f   t h e   r a d i o s o n d e  was u s e d  t o   s p e c i f y   t h e   s u r f a c e   t e m p e r a t u r e  

f o r   a l l   s u r r o u n d i n g  IRIS sets.  A method tha t   migh t   improve   t he   spec i f i -  

ca t ion   o f   t he   su r f ace   t empera tu re  i s  one t h a t   i n t e r p o l a t e s   t h e   h o r i z o n t a l  

s u r f a c e   t e m p e r a t u r e   f i e l d   u s i n g   a l l   a v a i l a b l e   s u r f a c e   i n f o r m a t i o n   f o r  

t he   mos t   r ecen t   obse rva t ion  time, a n d   t h e n   t o   s p e c i f y   t h e   d i u r n a l  t e m -  

pe ra tu re   change   s ince   t he   obse rva t ion  time. 
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Figure 9a and 9b show  the RMS difference  (radiosonde minus IRIS) 

in the geopotential  height field. Figure 9b is based on the integration 

of  the  hydrostatic  equation  using IRIS temperature  starting with the 

100-mb  radiosonde height. The RMS differences for stratospheric  levels 

are from  about 100 to 300 meters in (a) but  are  only 20 to 160 meters 

in (b). In Figure 10a  and  10b  the  average  height  differences  are 

. plotted  for  each  of  the  latitude  bands. In Figure 10a  the tropical 

curve  extends -beyond the  limit of the graph between about 300 and' 180 

mb with a  maximum  of 194 meters at 250 mb  and again above 25 mb with 

a  maximum  difference of 250 meters at 10 mb. In both  Figure 9 ,and 10 

it  is apparent  that  cumulative  differences  occur due  to  the  integration. 

Therefore, the differences  are  much  smaller in the  stratosphere when 

the integration is started  at 100 mb than when the integration  is  begun 

at  the  surface.  Because  the  geostrophic  wind is dependent upon the 

horizontal  gradient of  the height  field  and  not upon the  absolute 

value of height at  any level, the cumulative errors of height  might 

be  less significant  than  those of temperature when estimating  winds. 

The  horizontal  gradients of heights are compared in the  next  section 

in the form of maps. 

Table 1 shows the correlations level  by  level  between  the  radiosonde 

and IRIS derived  temperature profile.  The correlation  coefficients  for 

the individual  latitude  bands are  less than the corresponding coefficients 

when all latitudes  are  included  in  single  data  sample.  This is because 

the average  large-scale  temperature  change  from the  pole  to  the equator 

is well correlated, but  the much smaller  variability  within any.one 

latitude  band  is much less  correlated.  The  IRIS  measurements  and  the 
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t e m p e r a t u r e   r e d u c t i o n   t e c h n i q u e   c a n n o t   s p e c i f y   t h e   s m a l l - s c a l e   v e r t i c a l  

t empera tu re   changes   t ha t  are shown i n   t h e   r a d i o s o n d e   p r o f i l e s ,   a l t h o u g h  

the   l a rge - sca l e   t empera tu re   changes  are q u i t e  well determined.  Because 

t h e  IRIS measurements were smoothed  due t o   n o i s e  and  because  the 

r e d u c t i o n   t e c h n i q u e   s p e c i f i e s   t e m p e r a t u r e s  a t  only 11 p r e s s u r e  

l e v e l s  and   i n t e rmed ia t e   l eve l s  are i n t e r p o l a t e d ,  it i s  no t   expec ted  

t h a t   t h e   s m a l l - s c a l e   c h a n g e s   i n   t h e   v e r t i c a l  w i l l  be s p e c i f i e d  as  

w e l l   i n   t h e  IRIS as i n   t h e   r a d i o s o n d e   t e m p e r a t u r e s .  

Table 2 shows t h e   c o r r e l a t i o n  of h e i g h t s   f o r   b o t h   t h e   s u r f a c e  

i n t e g r a t i o n   a n d   t h e  100-mb i n t e g r a t i o n   o f   t h e   h y d r o s t a t i c   e q u a t i o n .  

The c o r r e l a t i o n  of t h e   h e i g h t s   a t   l e v e l s   a b o v e  100 mb i s  n a t u r a l l y  much 

improved when t h e   i n t e g r a t i o n  s tar ts  a t  100 mb, r a t h e r   t h a n   a t   t h e   s u r f a c e .  

The RMS d i f f e r e n c e   ( F i g u r e   7 ) a n d   t h e   a b s o l u t e   d i f f e r e n c e   ( F i g u r e  8) of 

tempera ture  show a  minimum a t  100 t o  70 mb f o r  a l l  l a t i t u d e s .  The 

c o r r e l a t i o n s   ( T a b l e  1) a r e   g r e a t e s t ,  a s  w e l l ,  a t  t hese   l eve l s .   These  

f a c t s  are s i g n i f i c a n t   b e c a u s e   t h e  MRIR 15-micron  weight ing  curve  (Figure  1)  

shows a maximum n e a r   t h e s e   l e v e l s ,   i n d i c a t i n g   t h a t   t h e   i n t e r p o l a t i o n  i s  

b e s t   a t   t h o s e   l e v e l s   t h a t   c o n t r i b u t e   t h e   m o s t   t o   t h e   m e a s u r e d  MRIR 

r a d i a n c e s .  

Because  there i s  a s y s t e m a t i c   d i f f e r e n c e   i n   t h e  IRIS derived  and 

the   r ad iosonde   t empera tu res ,   t he   i n t e rpo la t ion   me thod  may be  improved 

by e l i m i n a t i n g   t h i s   d i f f e r e n c e .  The improvement  can  be made by f i n d i n g  

t h e   c a u s e   f o r   t h e   d i f f e r e n c e   a n d   c o r r e c t i n g  i t ,  o r   f o r   a n y   d a t a  se t ,  

s imply   sub t r ac t ing   t he  mean of t h e   a b s o l u t e   d i f f e r e n c e   f r o m   t h e   d e r i v e d  

t e m p e r a t u r e   a t   a n y   l e v e l .   F o r   e x a m p l e ,   a t  400 mb ( a   l e v e l   f o r   w h i c h  

t empera tu re  i s  de r ived   f rom  the  I R I S  i n t e r p o l a t e d   d a t a )   f o r   t h e  0-22.5O 

l a t i t u d e  case, t h e  RMS d i f f e r e n c e   c a n   b e   r e d u c e d   t o  4.1K by s u b t r a c t i n g  
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t h e   s q u a r e   o f   t h e   a b s o l u t e   d i f f e r e n c e ,  64.0° (F igu re  8) from  the  square 

o f   t he  RMS d i f f e r e n c e ,  81.0° (F igu re  7 )  and   tak ing   the   square   roo t .  The 

improvement is from 9.OK t o  4.1K. 
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5 . 3  Comparison  with NMC Ana lys i s  

An area  with  good s a t e l l i t e  da ta   coverage   and  a t i m e  which  had 

r e l a t i v e l y   m o d e r a t e   h o r i z o n t a l   t e m p e r a t u r e   a n d   h e i g h t   g r a d i e n t s  was 

s e l e c t e d   t o  show t h e   o p e r a t i o n a l   p o t e n t i a l   o f   t h e   t e c h n i q u e  t o  

i m p r o v e   t h e   d e s c r i p t i o n   o f   t h e s e   v a r i a b l e s   b e t w e e n   s u b s a t e l l i t e  

t r a c k s   i n   t h e   s t r a t o s p h e r e .  The a rea   chosen  was 50W t o  30E, and 40 

t o  68N, so a s   t o   h a v e   t h e  l eas t  t i m e   d i f f e r e n c e   w i t h   t h e  12002 NMC 

map which was used  for   comparison.  Data f rom  orb i t s   913 ,   914 ,   and  

915 .on   June  2 1 ,  1969   were   u sed   t o   cons t ruc t   t he  IRIS  maps.  The d a t a  

f r o m   o r b i t   9 1 3   o v e r   t h i s   a r e a  was recorded  f rom  approximately  0943  to  

0952,   o rb i t   914   f rom  1130  to   1139,   and   orb i t   915   f rom  1317  to   1324 GMT. 

Thus t h e   d a t a   t o   t h e   e a s t  of  Greenwich was t a k e n   s l i g h t l y  more  than 2 

h o u r s   b e f o r e   t h e   r a d i o s o n d e   d a t a ,  t h e  s a t e l l i t e   d a t a   n e a r   a n d  j u s t  t o  

the   wes t   o f  Oo was t a k e n   j u s t   p r i o r   t o   t h e   r a d i o s o n d e ,   a n d   t h e   d a t a  

o v e r   t h e   w e s t e r n   p o r t i o n  was t aken   more   t han   an   hour   a f t e r   t he   r ad iosonde .  

For t h i s   a p p l i c a t i o n ,   n o   u s e   w h a t s o e v e r  was  made  of rad iosonde   da ta  

e x c e p t   t o   s p e c i f y   t h e  100-mb h e i g h t   f i e l d   f o r   d e t e r m i n i n g ,   h y d r o -  

s t a t i c a l l y ,   t h e   h e i g h t s   o f   h i g h e r   l e v e l s .   B e c a u s e   o n l y   s t r a t o s h p e r i c  

l e v e l s  were u s e d ,   s u r f a c e   t e m p e r a t u r e  was not  needed  and  water 

vapor  was s p e c i f i e d   f r o m   c l i m a t o l o g y .   T h e   i t e r a t i o n   t o   d e r i v e  temp- 

e r a t u r e   p r o f i l e s  was i n i t i a t e d  by u s i n g   a n   i s o t h e r m a l   p r o f i l e  of 250K. 

Temperature   and  height   prof i les   were  computed a t  e a c h   i n t e r s e c t i o n  

of a 4" l o n g i t u d e  by 4O l a t i t u d e   g r i d   f o r  w h i c h   r a d i a t i o n   d a t a   e x i s t e d  

o v e r   t h i s   a r e a .  

F igu re  11 i s  a p o r t i o n   o f   t h e  NMC 100-mb map € o r  t h i s   a r e a  showing 

the   t empera tu re   and   he igh t   f i e ld .   The   o rb i t a l   t r acks   a long   wh ich  
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I R I S   d a t a  were observed ,   on   th i s   and   subsequent  maps are shown f o r  

r e f e r e n c e .  The h e i g h t   f i e l d   f r o m   t h i s  map was used   t o   de t e rmine   h ighe r  

l e v e l   h e i g h t s   f r o m   t h e   I R I S   t e m p e r a t u r e   p r o f i l e s .  The t e m p e r a t u r e   f i e l d  

shows a w a r m  c e n t e r   n e a r  1OoW, 5 5 O N  and  with a r e l a t i v e l y   l a r g e   t h e r m a l  

g r a d i e n t   ( f o r  a summer map) over   the   southwes t   reg ion .   F igure  12 

shows t h e   i n t e r p o l a t e d  I R I S  t e m p e r a t u r e   f i e l d   a t   t h e  same 100-mb 

l e v e l .  The warm c e n t e r   a n d   t h e   s t r o n g   g r a d i e n t  are both we l l  d e f i n e d ;  

i n   f a c t ,   b o t h   t h e   p a t t e r n   a n d   a b s o l u t e   v a l u e s   o f   t h e   i s o t h e r m s  are  

i n  good  agreement  with  the NMC a n a l y s i s   o v e r   t h e   e n t i r e  map. It  i s  

i n t e r e s t i n g   t o   n o t e   t h a t   t h e   i n t e r p o l a t e d  I R I S  d a t a   r e v e a l s   t h e  

e a s t e r n   e x t r e m e  of t h e  warm - 5 0 C  cen ter   in   comple te   agreement   wi th  

the  dense  western  European  radiosonde  data .  Had o n l y   s u b s a t e l l i t e  

r a d i a t i o n   d a t a   b e e n   a v a i l a b l e ,   t h i s  would  probably  not  have  been shown 

9 s  f a r   t o   t h e  eas t .  However, ove r   an   a r ea   fo r   wh ich  no rad iosonde  

d a t a  were a v a i l a b l e ,   t h e  I R I S  i n t e r p o l a t i o n   i n d i c a t e s  a warm t r o u g h  

i n   t h e  - 5 5 C  i so the rm  a long  20W, n o t  shown i n   t h e  NMC a n a l y s i s ,   y e t   i n  

agreement   wi th   the  NMC t r o u g h   i n   t h e  - 6 5 C  i s o t h e r m   a t  33W and 33N 

(beyond  the  border  of  the  reproduced  map).  

F i g u r e s  13 and  14 show r e s p e c t i v e l y ,   t h e  NMC and  the I R I S  temp- 

e r a t u r e   a n d   h e i g h t   a n a l y s i s   f o r  50 mb. The w a r m  t r o u g h   i n   b o t h  

f i g u r e s  i s  i n  good  agreement ,   a l though  the  IRIS - 5 O C  t rough i s  about  

loo e a s t  o f   t he  NMC t rough.  The NMC p o s i t i o n  i s  well suppor ted  by 

t h e   a v a i l a b l e   b u t   s p a r s e   o c e a n   s t a t i o n   d a t a ,  so t h e   d i f f e r e n c e  i s  

n o t   r e a d i l y   e x p l a i n a b l e .  The IRIS map d e f i n e s   t h e   f e a t u r e   q u i t e  

well and  the  magni tudes  of   the   isotherms  agree w e l l .  The northward 

bending   of   the  - 5 5 C  I R I S  i s o t h e r m   a t  20E i s  n o t  shown by t h e  NMC 
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a n a l y s i s ,   b u t   c a n   b e   j u s t i f i e d  by the   r ad iosonde   da t a .  The d i f f e r e n c e  

i n   a n a l y s i s   h e r e   c a n  be a t t r i b u t e d   t o   t h e   g r e a t e r   s m o o t h i n g  of t h e  

NMC procedures .  It i s  i n t e r e s t i n g   t h a t   t h e   r a d i a t i o n   d a t a   s u p p o r t e d  

an   ana lys i s   wh ich   t he   conven t iona l   t echn ique   i gnored .   Aga in ,   i f   on ly  

s p a t i a l   i n t e r p o l a t i o n   f r o m  one s u b s a t e l l i t e   t r a c k   t o   t h e   n e x t  was  used, 

t h i s   f e a t u r e  would  have  been  missing on t h e  IRIS a n a l y s i s   a l s o .  The 

IRIS map does   no t  show the  -45C i s o t h e r m   t h a t   a p p e a r s  on t h e   n o r t h e r n  

boundry  of  the NMC map because  of  the  lack of r a d i a t i o n   d a t a   h e r e  on 

t h i s   d a y .  The t e m p e r a t u r e   f i e l d s   i n   F i g u r e  15 and 16 f o r   t h e  10-mb 

l eve l   do   no t   compare   a s   f avorab ly   a s  on the  50-mb map. The NMC map 

shows a warm tongue  of -3OC f a r t h e r   w e s t   t h a n   t h e  I R I S  map.  The NMC 

-4OC c o l d   c e n t e r   a l o n g  5W does  not   appear   on  the I R I S  map. I n s p e c t i o n  

o f   t he   r ad iosonde   da t a  shows w i l d l y   d i f f e r e n t   t e m p e r a t u r e s   i n   t h i s  

a r ea ,   such  as -26C a d j o i n i n g  -43C.  The IRIS  a n a l y s i s   a p p e a r s   a s   j u s t i f i e d  

a s   t h e  NMC i n   t h i s   i n s t a n c e   c o n s i d e r i n g   t h e  number  and v a r i a n c e  of  the 

few r e p o r t s   a v a i l a b l e  on t h i s  map. The I R I S  map a l s o  shows much more 

d e t a i l   t h a n   t h e  NMC map. 

The NMC au tomat ic   ana lys i s   employs   ex tens ive   smooth ing  w i t h  

a n   i n i t i a l   s c a n   o v e r  5 NMC g r i d   p o i n t s ,   e v e n   w h e r e   d a t a   a r e   p l e n t i f u l .  

A l s o   o v e r   t h i s  p a r t  of the  ocean  where  there may be only 2 o r  3 

r a d i o s o n d e   s t a t i o n s ,  it may n o t  be p o s s i b l e   f o r   t h e  NMC a n a l y s i s   t o  

d e t e c t   s u c h   s m a l l   s c a l e   f e a t u r e s   a s   t h e  low c e n t e r   a t  30W on t h e  I R I S  

map a t  50 mb. A n o t h e r   f a c t o r   c o n t r i b u t i n g   t o   t h e   u n c e r t a i n t i e s ,  

e s p e c i a l l y   a t  10 mb, i s  t h a t   r a d i o s o n d e   d a t a   a r e   e x t r a p o l a t e d  

v e r t i c a l l y  when t h e y   d o   n o t   r e a c h   t h e s e   l e v e l s .   I n   a d d i t i o n ,  it i s  

n o t  uncOmmon f o r   h e i g h t s   a t  10 mb t o   d i f f e r  by 100  meters  and 

sometimes even 200 mete r s   be tween   ne ighbor ing   s t a t ions   on ly  a few 
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hundred   k i lome te r s   apa r t .  The s tandard   devia t ions   de te rmined   f rom 

t h e   r a d i o s o n d e   d a t a   u s e d   i n   S e c t i o n  5.3 f o r   h e i g h t s   a t  5 0  and  10 mb 

a r e  1 2 1  and 258 m e t e r s ,   r e s p e c t i v e l y ,   w h i l e   f o r   t h e  IRIS h e i g h t s ,   t h e  

s t a n d a r d   d e v i a t i o n s  were 105  and  270  meters ,   respect ively.   Al though 

the  agreement a t  50  and  10 mb i n   t h e   h e i g h t   f i e l d  i s  not   good,   the  

u n c e r t a i n t i e s   i n   t h e  IRIS v a l u e s   a r e   p r o b a b l y   n o   g r e a t e r   t h a n   t h o s e  

of   the  radiosondes a t  t h e s e   l e v e l s .  

Hence it  a p p e a r s   p o s s i b l e   t h a t   t h e   i n t e r p o l a t e d   r a d i a t i o n  

d a t a   c a n   p r o v i d e  more d e t a i l e d ,  and a s   r e l i a b l e ,   i n f o r m a t i o n   a s   c a n  

be est imated  f rom NMC d a t a .  It  i s  pa radox ica l ,   however ,   t ha t   t he  

t h e r m a l   f i e l d s   f r o m   i n d e p e n d e n t   d a t a   a p p e a r   t o   a g r e e   b e t t e r   t h a n  

t h e   h e i g h t   f i e l d s   w h i c h   a r e   b a s e d  on a common 100-mb base.  
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5.4 Sources   o f   E r ro r  

There are many f a c t o r s   t h a t   c o n t r i b u t e   t o   e r r o r s   a n d   u n c e r t a i n t i e s  

i n   t h e   t e m p e r a t u r e   a n d   g e o p o t e n t i a l   h e i g h t   p r o f i l e s   d e r i v e d  by t h e  

p r o c e d u r e s   u s e d   i n   t h i s   s t u d y .  Some of  them are:  

1. Foremost,   perhaps,  are t h e   e r r o r s   i n t r o d u c e d  when c l o u d s  

c o n t a m i n a t e   t h e   r a d i a n c e s .   T h e s e   e r r o r s   a r e   c e r t a i n l y  more s e v e r e   i n  

t h e   t r o p o s p h e r e   t h a n   i n   t h e   s t r a t o s p h e r e . b e c a u s e  of t h e i r  more f r e q u e n t  

occurrence  in   the  lower  a tmosphere.   Clouds may have,  however, a s i g -  

n i f i c a n t   e f f e c t  on t h e   s t r a t o s p h e r i c   t e m p e r a t u r e s   a n d   h e i g h t s   d e r i v e d  

from  the  100 mb l e v e l   i n   c a s e s  when t h e s e   c l o u d s   p e n e t r a t e   t o   h i g h  

l e v e l s .  The MRIR 15-micron  data   were  not   corrected  in   any way f o r  

c l o u d   e f f e c t s  on the   a s sumpt ion   t ha t   on ly   ve ry   h igh   c louds  would 

r e s u l t   i n   s i g n i f i c a n t   e r r o r s  and  the  averaging  of   these  data   would 

t e n d   t o  smooth  the few a f f e c t e d   r a d i a n c e s .  

2. The no i sy  IRIS d a t a   c o u l d   a l s o   c o n t r i b u t e   t o   t h e   e r r o r s ,  

a l though,   severe   smoothing was app l i ed   t o   e l imina te   ex t r emes   f rom 

occur r ing .  However, t h i s   p r o c e s s   a l s o   e l i m i n a t e d  any l a r g e ,   t r u e  

s i g n a l s .  

3 .  Time d i f f e r e n c e s   ( u p   t o  f 6 hours )   be tween  the   observa t ions  

of   rad iosonde   and   rad ia t ion   da ta .  Some o f   t h e s e   u n c e r t a i n t i e s   a r e  

due t o   t h e   a c t u a l   p h y s i c a l   d i f f e r e n c e s   i n   t h e   a t m o s p h e r e   i n   t i m e .  

T ime  a n d   s p a c e   d i f f e r e n c e s   a l s o   i n t r o d u c e   e r r o r s   i n   t h e   m e t h o d   u s e d  

to   spec i fy   t he   su r f ace   t empera tu re ,   and   t he   subsequen t   co r rec t ion   fo r  

c loud  contaminated IRIS r a d i a n c e s .  

4 .  The many a p p r o x i m a t i o n s   i n   t h e   s o l u t i o n   o f   t h e   r a d i a t i v e  

t r a n s f e r   e q u a t i o n   a n d   t h e   i t e r a t i v e   t e c h n i q u e   t o   d e r i v e   t e m p e r a t u r e  
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profiles.  Especially  contributory  to  the errors is  the  uncertainty 

in  the  absorption  coefficient  of CO for  the  15-micron band. The 

specification of the  anchor  pressure  bands  in  the  temperature  profile 

derivation  technique is  a possible  source  of  error. Definitely, the 

interpolation  between  anchor  levels adds to  the  errors. 

2 

6. The  interpolation  technique  to  specify IRIS profiles  between 

tracks  is  based on regression, and  statistical errors can  occur  due 

to  inadequate  sample size. 

7. Uncertainties can occur  due  to errors in  the  radiosonde  temper- 

atures  themselves. 
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6.0 SUMMARY AND CONCLUSIONS 

To improve the specification  of  stratospheric  horizontal 

temperature  and  geopotential height field from satellite radiation 

data, a  technique has been  derived  to  estimate  vertical  pressure- 

temperature-height  profiles  between  subsatellite  tracks  using  inter- 

polated I R I S  15-micron data. The  interpolation is based on the 

linear regression of  the I R I S  and MRIR 15-micron radiance gradients 

between  points  along the tracks  for  which  both are  available.  The 

regression equation  is  then  applied to locations  away  from the track 

where  only the MRIR exist. A set  of I R I S  15-micron radiances is 

specified by the  interpolation. In the interpolation  each set  of 

I R I S  radiances is corrected  for  clouds  and  hot  terrain. A tem- 

perature-pressure  profile is derived  from  the  radiances  using an 

iterative  technique.  The  temperature  profile  is  adjusted  equally 

at all  levels,  until the MRIR 15-micron  radiance  computed  from 

the  profile  equals  the  measured MRIR radiance at  the  same  location. 

Using  this  derived  temperature  profile, the hydrostatic  equation  is 

integrated to  find geopotential heights.  The  integration  was  done 

starting  at  both the surface  and  a known 100 mb radiosonde  height. 

This  technique was verified by interpolating  to  radiosonde 

locations  and  ignoring  up to 6 hours time difference  between  radiosonde 

and radiation observations.  The  sample  varied  from  1126  pairs  at 

lower levels to 383 pairs at 10 mb  using  northern  hemisphere  data 

for June  15 to July 20, 1969. The  data  were  also  separated  into 

5  latitude  bands  and  separate  analysis  done  for  each band. 

The RMS differences of the radiosonde  and I R I S  derived tem- 

peratures were generally  between 2 and 5 C  for  all  levels  above 300 mb. 
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I .  

For  levels  below 300 mb, t h e  RMS d i f f e r e n c e  was as  h igh  as 9.5C a t  

1000 mb f o r   t h e   h i g h   l a t i t u d e  case. The IRIS  temperature  was con- 

s i s t e n t l y  warmer t h a n   t h e   r a d i o s o n d e   a t  1000 mb b u t   c o l d e r  a t  400 mb. 

Genera l ly ,   t he   r ad iosonde   t empera tu res  are  warmer t h a n   t h e  I R I S  temp- 

e r a t u r e s   a b o v e  100 mb. A t  50 mb the   r ad iosonde   t empera tu re  i s  approx- 

ima te ly  2C warmer f o r  a l l  l a t i t u d e s .  The d i f f e r e n c e   d e c r e a s e s  upward 

a n d   f o r   h i g h   l a t i t u d e  cases the   IRIS  tempera ture  i s  n e a r l y  4C warmer 

t h a n   t h e   r a d i o s o n d e   a t  10 mb. 

The RMS di f fe rence   o f   the   rad iosonde   and   IRIS  he ights   ranges  

from 30 t o  280 meters, g e n e r a l l y   i n c r e a s i n g   f r o m   t h e   s u r f a c e   t o  

10 mb when t h e   h y d r o s t a t i c   e q u a t i o n  was in t eg ra t ed   f rom  the   su r f ace  

t o   1 0  mb. S t a r t i n g   t h e   i n t e g r a t i o n  a t  100 mb, above   t he   c loud   l eve l ,  

r e s u l t e d   i n   f a r  lower RMS d i f f e rences ,   r ang ing   f rom 20 t o  120 meters 

from 70 t o  10 mb. 

The h o r i z o n t a l   g r a d i e n t s  of   t empera ture   der ived  by t h i s  method 

compared   favorably   wi th   the   g rad ien ts   f rom NMC computer   ana lys i s   for  

a l i m i t e d  a r e a  a t  t h e  100, 50, and 10-mb l e v e l s .  The s t r i c t   s p a t i a l  

i n t e rpo la t ion   be tween   t r acks   o f   t he  IRIS t e m p e r a t u r e s   r e s u l t e d   i n   t h e  

loss  of c o n s i d e r a b l e   d e t a i l .   I n   t h e   l i m i t e d   c o m p a r i s o n ,   t h e   h e i g h t  

f i e l d s   d e r i v e d   f r o m   t h e  IRIS t empera tu re   p ro f i l e s   p robab ly   have  no 

more u n c e r t a i n t y   t h a n   t h e   r a d i o s o n d e   h e i g h t s   a t   t h o s e  levels.  

It  can   be   conc luded   f rom  th i s   s tudy   t ha t   t he   i n t e rpo la t ed  

I R I S  de r ived   t empera tu re   and   he igh t   p ro f i l e s   can   be   de t e rmined  

accura te ly   enough  to   improve   the   t empera ture   g rad ien ts   be tween 

t r a c k s   f o r   s t r a t o s p h e r i c  levels .  Such  improvements i n   g r a d i e n t s   a r e  

o f   s i g n i f i c a n t   p r a c t i c a l   i m p o r t a n c e   t o   h i g h - f l y i n g   a i r c r a f t .   T h i s  

technique  can  thus  be a u s e f u l   o p e r a t i o n a l   t o o l ,   a l t h o u g h  i t  could  

bene f i t   f rom  an   improved   unde r s t and ing   o f   a l l   t he   e r ro r   sou rces .  

33 



Several  recommended areas of investigation  may  improve  the 

results of using  this technique. First, the  specification of the 

height  field  might  be  improved by using a statistical  method  of 

deriving the heights instead  of  relying on the integration of the 

hydrostatic  equation. In this  method a regression relation is 

established  between  IRIS  radiances  and the heights  from  radiosondes. 

The  regression  equation is  then applied  to the interpolated  IRIS 

radiances to get  heights. This method  has  worked  successfully 

for  tropospheric  levels  using  Satellite Infrared Spectrometer 

(SIRS) radiation  data  (Smith, et al, 1970). 

Second, a more  detailed  study is recommended to find  improved 

CO transmission  coefficients and  pressure  correction  factors to 

improve the transmission  values used  in  the  solution  of  the  radiative 

transfer equation. Third, improvements  may possibly  be made in the 

specification of  the anchor  pressure  levels  needed in the  temperature 

profile  derivation scheme. 

2 

Fourth, an improved  data set  may also improve  the  results. In 

this  study it was  necessary to  use noisy IRIS data  for  the  summer 

stratosphere.  Using noise-free, winter, stratospheric  data  which 

has far  greater  horizontal  temperature and height  gradients may 

improve  the results. 
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APPENDIX A 

Data P r o c e s s i n g  

This   appendix  t r ea t s  i n   d e t a i l   t h e   p r o c e s s i n g   o f   e a c h   o f   t h e  

t h r e e  sets of d a t a   u s e d   i n   t h i s   s t u d y .  The f i n a l   l o c a t i o n   i n   s p a c e  

and time of a l l   t h r e e  sets  f o r   t h e   i n t e r p p l a t i o n   o f   t h e  I R I S  r a d i a n c e s  

t o   r a d i o s o n d e   l o c a t i o n s   f o r   v e r i f i c a t i o n  i s  a l s o   d e s c r i b e d .  

A. 1.0  Radiosondes 

The radiosonde  soundings were taken   f rom  the   Nat iona l   Meteo-  

r o l o g i c a l  Center Automatic   Data   Processing (NMC ADP) f i l e   d a t a  

supp l i ed  by t h e   N a t i o n a l  Climatic Cen te r ,   Ashev i l l e ,   Nor th   Ca ro l ina .  

Each  tape r e e l  had  seven  days  of   data   for   each  of   the OOZ and  122 

o b s e r v a t i o n s  times. Packed   b ina ry   r eco rds   con ta in   va r ious   t ypes  

o f   obse rva t ions  - r a d i o s o n d e s ,   p i b a l s ,   s h i p   r e p o r t s ,   a i r e p s ,   a n d   e v e n  

some t empera tu re   p ro f i l e s   gene ra t ed   f rom  the  Nimbus I11 SIRS da ta .  

The NMC d a t a  were s u b j e c t e d   t o  a p rep rocess ing   be fo re   be ing  merged 

w i t h   t h e   r a d i a t i o n   d a t a .  Only  land  and  ship  radiosondes were unpacked 

and   conve r t ed   t o  CDC-6600 60-b i t   b ina ry   fo rma t .   In   add i t ion ,   sound ings  

w i t h   l o c a t i o n   e r r o r s   a n d   o n e s   t h a t   d i d n ' t   e x t e n d   t o  70 mb were  not 

converted.   Approximately 400 of t h e   o r i g i n a l  1800 t o  2000 o b s e r v a t i o n s  

pe r   obse rva t ion  time remained. By p rep rocess ing   t he  NMC t a p e s ,   t h e  

input   t ime was reduced by a f a c t o r   o f  10 when the   ac tua l   merg ing   of  

t h e   t h r e e  s e t s  of d a t a  was done. A t  t h a t  time t h e  NMC data   were 

t r ans fe r r ed   f rom  the   p rep rocessed  t a p e  t o  Extended  Core  Storage,  ECS,  

one  day a t  a time. 

A f t e r   t h e   l o c a t i o n   o f   a l l   t h r e e  sets  of   da ta ,   the   soundings  were 

f u r t h e r   t e s t e d   a n d   d e f i n e d   f r o m   t h e   s u r f a c e   t o  0.1 mb. The  mixing 

r a t i o   o f   w a t e r   v a p o r  was  computed  from  the dew po in t   t empera tu re   u s ing  

t h e   C l a u s i u s - C l a p e y r o n   e q u a t i o n   t o   f i n d   t h e   v a p o r   p r e s s u r e ,  e ,  and   the  

m i x i n g   r a t i o ,  W ,  was de f ined  by 

W = .622 e f p   1 0  3 

a t  p r e s s u r e ,  p. 
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* 
The Northern Hemisphere was divided into five  latitude zones, 

0-22.5O-,  22.5-37.5OY  37.5-52.5',  52.5-67.-5OY and 67.5-90°. These 

zones correspond  to  the 5 standard  atmospheres for July found in the 

U.S. Standard Atmosphere Supplement, 1966. Each radiosonde temperature 

profile was extrapolated  from its highest  level  to 0.1 mb by  one  of 

the  five  standard  atmospheres  depending on the latitude  zone  in which 

the  sounding was located.  The  mixing ratio was extrapolated by 

where W is the mixing ratio of  the  next  lower  pressure  level, L 
P is the  pressure  of  the  level  for which the  mixing ratio is to 

be defined, 

P is the  pressure  of  the  next  lower  level , L 
A is  a  climatological  value  given by Smith (1966). For this 

report A takes values according to  the 5 latitude  bands 

for  summer  of  2.75,  2.96,  2.77, 2.62,  and 2.10. 

The  mixing ratio was extrapolated to  the tropopause  in  this  manner. 

If the mixing ratio at the  tropopause  was  less  than 0.002 g kg , it 
was extropolated to 0.1 mb at that  value. If the  mixing  ratio  was 

greater  than 0.002 g kg , it was set equal to 0.002 for  every 

element  of  the  array  up  to 0.1 mb.  Checks  were  made to determine 

that all elements of  the radiosonde  sounding  were  defined  and 

reasonably  accurate. If temperatures  were  found  undefined or 

unreasonable,  all  elements  at the  same  level  were  eliminated. 

However,  if the  temperature  element  was  accepted  and  the  dew  point 

temperature  unacceptable, the  dew  point  value was found by interpo- 

lating from  higher  and lower  level  values. Heights  were  found by 

hydrostatic  integration. At this point in the  data  processing,  the 

radiosonde  matrix of pressure,  height,  temperature,  and  mixing ratio 

was complete  for all pressure  levels  for  which  a  temperature  element 

existed  after  the  checking  procedure,  including  significant  levels of 

the extrapolated  temperature  and  mixing ratio curves to 0.1 mb. 

-1 

-1 
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A . 2 . 0  IRIS  da ta  

The  IRIS  data Qere provided by the  Nat ional   Space  Science  Data  

Center  , NSSDC. Approximately two r e e l s  of t a p e   c o n t a i n   d a t a   f o r   o n e  

day i n  CDC-6600 b inary   format .   Only   por t ions   o f   the   a tmospher ic   spec t ra  

(Record Type 8;  See Nimbus I11 Users’ Gu ide )   p lus   l oca t ion   i n fo rma t ion  

were processed .  The d a t a   s t o r e d   i n  ECS were   con ta ined   i n  130  words 

c o n s i s t i n g   o f   t h e   r a d i a n c e s   f o r   t h e  water vapor ,  CO 15-micron,  and 

t h e   l l - m i c r o n  window por t ions   o f   the   spec t rum;   however ,   the   water  

vapor   da ta  were not  used.  There  were a t  most   5400  spec t ra   ava i lab le  

p e r  day. 

2 

U n f o r t u n a t e l y ,   t h e  I R I S  s p e c t r a l   d a t a  were   no isy   for   the   per iod   used  

i n   t h i s  work. No a t t empt  was made t o  u s e  o n l y   t h e   r e l a t i v e l y  good d a t a ,  

such a s  d a t a   a c q u i r e d  on   nor thbound  por t ions   o f   o rb i t s   before   p layback .  

The IRIS d a t a  were  smoothed s p e c t r a l l y   a n d   a v e r a g e d   s p a t i a l l y   d u r i n g  

t h e   i n t e r p o l a t i o n   p r o c e s s .   I n   a d d i t i o n ,   i f   a f t e r   s m o o t h i n g   a n d  

ave rag ing ,   t he  number  of i t e r a t i o n s   r e q u i r e d   t o   c o n v e r g e   t h e   t e m p e r a t u r e  

p r o f i l e   t o   t h e   p r e s p e c i f i e d   v a l u e  was g rea t e r   t han   t en ,   t he   da t a   were  

cons ide red   t oo   no i sy   and   t h i s   da t a   g roup  was el iminated  f rom  the  sample.  

The spec t ra l   smooth ing   of   the   rad iance  was accomplished by us ing  a f o u r -  

p o i p t   l i n e a r   i n t e r p o l a t i o n  scheme t o   i n t e r p o l a t e   f o r   t h e   n e e d e d  wave 

numbers  from  the wave  numbers   recorded  for   the I R I S  spectrum. 

The  same s e t  of c loud-f ree   IRIS  da ta   used   to   de te rmine   the  

a d j u s t m e n t s   f o r   t h e  CO t ransmiss ions   (Sec .  2 . 1 )  was a l s o   u s e d   t o  

e l i m i n a t e   e x c e s s i v e l y   n o i s y   d a t a .  The I R I S  c loud-f ree   da ta   were  

g rouped   i n to  one  of f i v e   l a t i t u d e   b a n d s   f o r   t h e   n o r t h e r n   h e m i s p h e r e  

and  averages  determined  for   each  band.   During  the  processing  of  

t he   da t a   each   IRIS   r ad iance   va lue  was compared t o  i t s  cor responding  

l a t i t ude   ave rage .   I f   t he   ave rage   r ad iance   fo r   any   o f   t he   s ix   uppe r -  

most   channels ,  was  more t h a r  3.0 x 10 w a t t  cm s t e rad ian   f rom 

t h e   a v e r a g e ,   t h e   e n t i r e  set  was e l imina ted   f rom  the   s ample ,   a s   be ing  

t o o   n o i s y ,   a l t h o u g h   c l o u d i n e s s  may a l so   have   been  a f a c t o r .  

A . 3 . 0  MRIR Data 

2 

-5 -1 -1 

The MRIR da t a   were   a l so   supp l i ed  by NSSDC.  One r e e l  of   tape 

conta ined   approximate ly   one   day   of   da ta   in   36-b i t   b inary   format .  
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A l t h o u g h   d a t a   f r o m   t h r e e   o f   t h e   f i v e   c h a n n e l s  were r e a d ,   o n l y   t h e  

15-micron  channel   data  were u t i l i z e d   i n   t h i s   s t u d y .  The d a t a  

were s tored   on  a d i s k   f i l e  which  can  be  randomly  accessed. The 

d i s k  was used  because  the  500,000  60-bi t  ECS words were f i l l e d  

w i t h  NMC and  IRIS  data .   There were a t  most  11,520  swaths  per  day 

con ta in ing   abou t  81 scan   spots .   Dur ing   the   merging   process ,   da ta  

s p o t s   w i t h   n a d i r   a n g l e s   g r e a t e r   t h a n  45O, da t a   ou t s ide   t he   dynamica l  

limits (190-260°K),  data  f lagged as  z e r o   o r   m i s s i n g ,   a n d   d u p l i c a t e d  

d a t a  were d i sca rded .  

A.4.0  Processing  to   Locate   Corresponding  Data  S e t s  

A l l  three  types  of   data   had  gaps  of   one  kind  or   another .  The 

r ad iosondes   a r e   no t   a lways   r epor t ed ,   and  some are  n o t   u s a b l e .  

E n t i r e   o r b i t s   o f   t h e   r a d i a t i o n   d a t a  are o f t e n   n o t   r e a d   o u t ,   a n d  

o f t e n   t h e   s e n s o r s   a r e   n o t  programmed t o   r e c o r d .  They neve r   r eco rd  

during  playback.  A search-sor t -merge   p rocess  , i s  r e q u i r e d   t o   f i n d  

cor responding   da ta   in   space   and  time. A l l  t h r e e   t y p e s   o f   d a t a   f o r  

one  day a r e   s t o r e d   i n   t h e   c o m p u t e r   f o r   t h e   s o r t - s e a r c h - m e r g e   p r o c e s s  

t o   b e g i n .  

The IRIS  data   a long  the  15-micron MRIR d a t a   a r e   u s e d   t o  

gene ra t e   t empera tu re   and   subsequen t   he igh t   p ro f i l e s .  The p re l imina ry  

d a t a   p r o c e s s i n g  i s  a m e r g i n g   o p e r a t i o n   t o   f i n d  a g r o u p   o f   s u i t a b l e  

I R I S  and MRIR 15 -mic ron   da t a   fo r   each   ava i l ab le   r ad iosonde .  The 

fo l lowing   sequence  of o p e r a t i o n s  i s  used t o  ma tch   t he   t h ree   co r re spond ing  

s e t s  of d a t a   i n   s p a c e  and t ime;  a n d   t h u s ,   t o  se t  up   da ta   g roups   for   which  

t h e  I R I S  d a t a   c a n   b e   i n t e r p o l a t e d   t o   t h e   r a d i o s o n d e   l o c a t i o n s .  The 

p rocess ing  i s  done  one  day a t  a t ime.  

1. Read  one  radiosonde  sounding  from ECS. 

2 .  A c i r c l e  o f   s u f f i c i e n t   r a d i u s   s u r r o u n d i n g   t h e   r a d i o s o n d e  

l o c a t i o n  i s  d i v i d e d   i n t o  16 e q u a l   s e c t o r s .  A l l  I R I S  s p e c t r a  

l o c a t e d   w i t h i n  6 hours   of   the   radiosonde time a r e   s e a r c h e d  

w i t h i n  a s e c t o r .   I f  more than  one i s  found ,   t he   one   nea res t  

i n   s p a c e   t o   t h e   r a d i o s o n d e  i s  r e t a i n e d .  A l l  I R I S  p o i n t s ,  

however,   must  be  within a d i s t a n c e   e q u a l   t o  20° o f   l a t i t u d e .  

A t  l e a s t  4 I R I S  s p e c t r a   a r e   r e q u i r e d   t o  d o   i n t e r p o l a t i o n s .  

I f   f o u r   a r e   n o t   f o u n d ,   c o n t r o l   g o e s   t o   t h e   n e x t   r a d i o s o n d e .  
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3 .  A search is made for all MRIR data on the disk  within 6 

hours of  the radiosonde  time  and within 0.65O of  latitude 

and 0.65O of  longitudelcos(1atitude)  of  the radiosonde 

location. If  no MRIR data  are  available,  the next radio- 

sonde is processed. 

4. For each IRIS spectrum,  a  search is made  for all of  the 

MRIR data within 6 hours of  the  spectrum  time  and  within 

0.65O of  latitude  and 0.65O of longitudelcos(1atitude). 

5. If all  matching  requirements  are met, the  data  are written 

onto  tape  for  further  processing. 

6. Steps 1 through 5 are  repeated  for  each  radiosonde sounding. 

The  radiosonde  and  its  corresponding  IRIS  and MRIR data is referred 

to as an interpolation group. Each of  the 35 days of  data  is  processed 

in turn. The 23 input  tapes per week - 2 NMC, 15 IRIS, and 7 MRIR  were 
finally  condensed  into one output tape. 

41 



I 

APPENDIX B 

C o r r e c t i o n s  f o r  Clouds  and  Hot  Terrain 

The rad iances   measured   f rom  an   a tmosphere   conta in ing  no  more than  

two l e v e l s  of c louds   can  be g iven  by 

pL 

pU 

-J’ B[v,  T(p)] d7 ( v ,  p)} - A L  (1 - A U )  { B [ ~ Y   T ( P  S ) I  7 ( V Y  ps) 

P 
g 

- B[v ,T(PL) I  T (v, PL) - I B[v, T(P)]  dT (v, P) 1 
pL 

The s u b s c r i p t s  U, L r e fe r   t o   t he   uppe r   and   l ower   l eve l   c louds ,  s r e f e r s  

to a su r face   ( c loud   o r   g round)  and  g is the   ground.  

The co r rec t ion   wh ich  i s  t o  be added t o   t h e   m e a s u r e d   r a d i a n c e s   t o  

g i v e   t h e   e q u i v a l e n t   c l e a r  column r a d i a n c e s  i s  d e f i n e d  by 

where X and Y a r e   t h e   f i r s t  and  second  terms  in   brackets   of  Eq. ( l ) ,  

and (1-%). In   computing C ,  c l o u d s   a r e   a l l o w e d   t o   e x i s t   a t  any 

two- leve l   combina t ion   of   the   s tandard   p ressure   l eve ls   be low  150  mb. 

Given   an   es t imate  of t h e   t e m p e r a t u r e   p r o f i l e ,   e s t i m a t e s  of t h e   e q u i -  

v a l e n t   c l e a r  column r a d i a n c e s   f o r   t h e   t h r e e   s p e c t r a l   i n t e r v a l s   ( 7 1 2 . 5 ,  

757.7, 899.0 cm ) mos t   s ens i t i ve   t o   c louds   a r e   computed   u s ing  Eq. ( 1 ) .  

L 

-1 
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A c o r r e c t i o n  i s  g i v e n  by 

A A c ( V )  = I  ( v )  - I ( V )  v = 712.5, 757.5, 899 cm 
-1 

C 

I i s  t h e  c lear  column  radiance  from Eq. (1) of   Sect ion  2 .1   and I i s  

the   measured   rad iance .   Values   o f  X and Y are c a l c u l a t e d   f o r  a l l  

combinattons  of  upper  and  lower level c l o u d   p r e s s u r e s   u s i n g   t h e   e s t i m a t e d  

C 

p r o f i l e s .  A and A>k f o r   a l l   u p p e r   a n d   l o w e r   l e v e l   c l o u d s  are found 

from Eq. ( 2 )  f o r   t h e   s p e c t r a l   i n t e r v a l s   7 1 2 . 5   a n d  899 c m  when C 

U 
-1 A 

from Eq. ( 3 )  i s  s u b s t i t u t e d   f o r  C i n  Eq. ( 2 ) .  

The most  probable  upper  and  lower level  c loud   cond i t ion  i s  then  

determined  from  the  757.5 cm-' s p e c t r a l   i n t e r v a l ,   t h e  moct . lrobable 

I A 
c l o u d   c o n d i t i o n  i s  s p e c i f i e d   a s   t h a t   f o r   w h i c h  C ( V )  - C ( ~ ) l i s  a 

I 
minimum. Wi th   t hese   va lues   o f   t he   c loud   cond i t ion ,   t he   c l ea r  column 

r a d i a n c e s   f o r   t h e   r e m a i n i n g   s p e c t r a l   i n t e r v a l s   c a n   b e   c a l c u l a t e d .  

The i n i t i a l   t e m p e r a t u r e   p r o f i l e  i s  determined  f rom  the  s ix   most  

o p a q u e   s p e c t r a l   i n t e r v a l s   u s e d   i n   t h i s   s t u d y   a n d   t h e   s u r f a c e   ( s h e l t e r )  

t empera ture .  The s i x  opaque   r ad iances   de f ine   t he   t empera tu re   p ro f i l e  

f rom  about  10 t o  100 mb. Levels between  100 mb a n d   t h e   s u r f a c e   a r e  

found by in t e rpo la t ion .   Improved  estimates of t h e   r a d i a n c e s   a r e   u s e d  

t o   e s t i m a t e   a n o t h e r   t e m p e r a t u r e   p r o f i l e   f r o m   w h i c h   f u r t h e r   c l o u d  

c o r r e c t i o n s  are o b t a i n e d .   T h i s   i t e r a t i o n  i s  c o n t i n u e d   u n t i l   t h e  

c h a n g e   i n   t h e   e q u i v a l e n t  clear column r a d i a n c e s  i s  less t h a n  a small  

predetermined  amount .   This  set  of r a d i a n c e s  i s  t h e r e a f t e r   t r e a t e d  

t h e  same a s  clear co lumn  r ad iances   i n   t he   i n t e rpo la t ion  scheme. 

The c o r r e c t i o n   f o r   h o t   t e r r a i n  i s  ob ta ined  by 

43 



Tsh i s  t h e   s h e l t e r   t e m p e r a t u r e   a n d  T i s  the  window c h a n n e l   r a d i a t i v e  

tempera ture .  K ( v )  i s  de te rmined   fo r   each   spec t r a l   i n t e rva l   and   sub -  

t r a c t e d   f r o m   t h e   m e a s u r e d   r a d i a n c e   f o r   t h a t   s p e c t r a l   i n t e r v a l .  

g 
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- 757.5 
I 

.6 

Figure  1.  Atmospheric  weightin  functions  for  the 667 c m - l  carbon  dioxide  absorption 
band. The 757.5  weightin  curve  peaks a t  1000 mb a t   1 . 3 .  The MRIR 
15-micron channel  (645-690 ern-') i s  a l s o  shown (dashed l i n e )   f o r  comparison. 
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F i g u r e  2 .  An e x a m p l e   o f   t h e   I n t e r p o l a t i o n  Scheme.  The s o l i d   d o t s  

r e p r e s e n t   p o i n t s   f o r   w h i c h   b o t h  I R I S  and MKIR e x i s t .  The  change 

b e t w e e n   t h e s e   p o i n t s  i s  i n d i c a t e d  b y   t h e   s u b s c r i p t  i. The 

c i r c l e d   d o t  i s  t h e   l o c a t i o n   f o r   w h i c h   o n l y  MRIR i s  known and 

f o r   w h i c h   t h e   i n t e r p o l a t i o n  of t h e   s u r r o u n d i n g  IRIS i s  d e s i r e d .  

Change  from  the known t o   t h e   i n t e r p o l a t e d   p o i n t  i s  marked by 

a s u b s c r i p t  j .  
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Figure 3. Comparison of a low la t i tude ,   in terpo la ted  IRIS-computed 

temperature  profile  with  a  radiosonde  sounding  over Guantanamo, 

Cuba, 1200 Q4T, June  16,  1969. 
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Figure 4 .  Comparison  of  a  lower-middle  latitude,  interpolated IRIS- 

computed  temperature  profile  with  a  radiosonde  sounding  over 

Shionomisaki,  Japan, 1200 CNT, June 16, 1969. 
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Figure 5. Comparison of a  higher-middle  latitude  interpolated IRIS- 

computed  temperature  profile  with  a  radiosonde  sounding  over 

Maniwaki,  Quebec  taken  at 1200 GlT on  June 16, 1969. 
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Figure 6. Comparison of a high  latitude  interpolated  IRIS-computed 

temperature  profile  with  a  radiosonde  sounding  over  Sodankyla, 

Finland, 1200 GMT, June 16, 1969. 
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Figure 7 .  The RMS difference  between  interpolated  IRIS-computed 

temperature  profi les  and radiosondes  for  f ive  northern  hemisphere 

lat i tude   bands .  
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Figure 8. The  average  temperature  difference  (radiosonde  temperature 

minus IRIS temperature)  for  five  northern  hemisphere  latitude bands. 

The  sample size for  each  latitude  band  is shown in  Table 1. 
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Figure 9(a). The RMS difference between  interpolated IRIS-computed geopotential 
height profiles and radiosondes for five northern hemisphere 
latitude bands starting  the integration of the hydrostatic 
equation at  the  earth's  surface. 
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F i g u r e  9 ( b ) .  The RMS d i f f e rence   be tween   i n t e rpo la t ed   IRIS-computed  
g e o p o t s n t i a l   h e i g h t   p r o f i l e s   a n d   r a d i o s o n d e s   f o r   f i v e  
n o r t h e r n   h e m i s p h e r e   l a t i t u d e   b a n d s   s t a r t i n g  a t  t h e  
100 mb level.  
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Figure 10(a). The  average  height  difference  (radiosonde  height  minus IRIS 
heights)  for  five  northern  hemisphere  latitude  bands  starting 
the  hydrostatic  integration of the I R I S  heights at the surface. 
The  sample  size  for  the  latitude  bands  are shown in  Table 1. 
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F i g u r e   1 0 ( b ) .  The a v e r a g e   h e i g h t   d i f f e r e n c e   ( r a d i o s o n d e   h e i g h t   m i n u s  I R I S  
h e i g h t s )   f o r   f i v e   n o r t h e r n   h e m i s p h e r e   l a t i t u d e   b a n d s   s t a r t i n g  
a t   t h e  100 mb l e v e l .  T h e   s a m p l e   s i z e   f o r   t h e   l a t i t u d e   b a n d s  
a r e  shown i n   T a b l e  1. 
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Figure 12. The 100 mb temperatures derived from interpolated IRIS. The data were acquired from the 
orbits shorn: 913 from 0943 to 0952, 914  fran 1130 Co  1139. and 915 f r m  1317 to 1324 GWC 
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Figure 13. Portion of the NWC 50 mb map for 1200 MT June 21.  1969. The so l id   l ines   are   geopotent ia l  
he ights  in meters and the  dashed l ines are  temperatures in   degrees  C. 

58 





Table 1. Correlation  coefficients,  R, for the  interpolated I R I S  computed 
temperature prof i les  and the  radiosonde  observed  temperatures. 
The period i s  for June 15 t o  J u l y  20,   1969.  N i s  the sample s ize .  
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Table 2. Correlation  coefficients  for  the  IRIS  derived  height  profile 
and  the  radiosonde  heights.  The  height  profiles  were  com- 
puted  by  using  the  interpolated  IRIS  computed  temperature 
profile  starting  with  the  radiosonde  surface  height  and  the 
100-mb  height.  Period  of  sample  was  June  15  to  July  20,  1969. 
The  sample  size  is  given  in  Table 1. 
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